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'  This  plan  of  instruction,  lesson  plans,  and  stu;lant 

•materials   (programed  tex^s.  workbooks,  'and  ^srtu'dy  guides)  for  a 
secondary- pc-stsecondary  level  course  in  engine  mechanics  is  one  3f-  a 
•number  -of  military-developed  curriculum  packages  selected  ■  for  _  *  ,t 
adaptation  tq  vocational  instruction  and  curriculum  development  -in  a. 
civilian  setting*  I-tls  the  third  .of  a  four-part  course  (see  Not?  for 
other  sections)  covering  General  vehicle  mechanics,  including  - 
inspection maintenance,  «nd  repair.  The  plan  of  instruction  suggests 
ntfntber  of  hours  of  class 'time  devote!  to  each  lesson  in  two  blosks'of 
instruction.  (Blocks  IV  ana  V)  ,  a  *ota,l  of  ,155  hours  of  .instruct isn :' 
|1f  TunerOp"  and  rroubleshoot ir a  (U  lessons,  78.?  hours)),  including  . 
engine,   mechanical,   batterv,  ianition,  fuel,  lubrication,  cooling,  •' 
craPKcasa"  ventilating,  anti-pollution,  emission  control,1  lighting, 
warning, ^and  signal,,  systems*  ar.a  (2)   Power*\Ttrains*  (9  lessons,  76.5* 
hours)  P  ijicluding-^maintenaTce,  troubleshooting,  and.  repair.  It' also 
details  or.iterio*a  objectives'  and  support  materials  needed.  Lesson*, 
plans  oitline  teaching  steps.  Student  materials  in  Block  IV.inclide  i 
workbook,   handout,  an,d  thre'e  pr'oqramed  texts  and  in. Block  v  a  stidy 
guilfc  wi£h  objettiyes,  text,  aftd  xeyiew  quest  iors:  £  study 
•guide/workbook  with- shop  procedures:  and  saver,  programed  texts. 
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%7     MILITARY  CURRICULUM  MATERIALS  * 

*        >  -  1 

The  Mlitary-sJevelaped  curriculum  materials  in  this  course 
package  were  selected  by  the  National  Center  for  Research  in 
Vocational  Education  'MiUtary^Ciirriculum  Project  for-  dissem- 
ination to  the  six  regional  Curriculum  Coordination  Centers  and 
other  instructional  Materials  agencies.    The  purpose  *of 
."  disseminating  these  courses  was  to  make  curriculum  materials - 
developed  by-  the  .military  more  accessible  to  vocational  .  1 
educators  in  the  civilian  getting.    *  . 

The  course  materials"  were  acquired,  evaluated  by  project 
'  staff  and  practitioners  in  the  field, "and"" prepared  for 
dissemination.    Materials  which  were.' specific  to  the  military 
were  deleted,  copyrighted  materials  were  either  omitted  or  appro 
val  for  their  use  was  obtained.    These  course  packages  contain 
curriculum  resource  materials  which  can  be  adapted  to  support 
vocational  instruction  and  curriculum  development. 


The  National  Center 
Mission  Statement 


The  National  Center  for  Pfesearch  in 
Vocational  Education's  mission  is  to  increase 
the  abiljfy  erf  diverse  agencies,  institutions, 
'    arfd  organisations  to  solve  educational  prob- 
lems relating  to  individual  career  planning, 
preparation, 'and  progression  The  National 
Center  fulfills,  its  mljsion  by:  * 
*  *  * 

4#  „     '      •  Generating  knowledge  through  research 

- 1       * .  • 

•  Developing  educational  programs  and 
"  *  products  *  ~*  4 

e*      •  Evaluating  individual  program  needs 
and  outcomes  i 


p  ^  •  Installing  educational  protjfanrrs  and ' 
*  %  products 

,  r  •         r  »  *  -7 

*       '     ?•  Operating  information  systems  arta 

Vv "  services  v.     *>  ■ 

■ 

•  Conducing  leadership  development  and 
:\       *  /jraining'programs 
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an  activity  to  increase  the  accessibility  of 
military-developed  curriculum  materials  to 
vocational  and  technical  educators.  * 

This  project,  funded  by  the  U.S.  Office  of 
Education,  includes  the  identification  and 
acquisition  of  curriculum  materials  in  print 
form  from  the  Coast  Guard,  Air  Force, 
Army,  Marine  Corps  and  Navy. 

Access  td  military  curriculum  materials  is 
provided  through  a  "Joint  Memorandum  of 
Understanding''  between  the  U.S.  Office  of 
Education  and  the  Department  of  Defense. 

The  acquired  materials  are  reviewed  by-sjatf 
anj)  subject  matter  specialists,  and  cerfrses 
cteemed  applicable  to  vocational  and  tech- 
nical educat|)n  are  selected  for  dissemination. 

The  National  Center  for  Research^ 
Vocational  Education  is  the  U.S.  Office  of  . 
education's  designated  representative  to 
acquire  the  materials  and  conduct  the  project 
activities. 

.......      .r-  .  * 

Project  Staff: 

Wesley  E.  Budke,  Ph.D.,  Director 
,  National  Center  Clearinghouse 

Shifley  A.  Chase,  Ph.D. 
Project  Director 
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Are  Available? 


La 


How  Can  These 
Materials  fie  Obtained? 
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One  hundred  twenty  courses  on  microfiche 

(thirteen  in  paper  form)  and  descriptions  of 
„each  have  been  provided  to  the  vocational 
-Curriculum  Coordination  Centers  and  other 

instructional  materials  agencies  for  dissemi-  4 

nation. 

Course  materials  include  pi^ogrammed 
instruction,  curriculum  outlines,  instructor 
guides,  student  workbooks  and  technical 
manuals. 

The  120  courses  represent*  the  following 
sixteen  vocational  subject  areas: 


Agriculture 
Aviation 
Building  & 
*  Consfruction* 

Trades*' 
Clerical 

Occupations 
Communications 
Drafting, 
Electronics 
-  Engine  Mechanics 


FoOd  Service — ■ 
Health 

Heating  &  Air 
Conditioning 
Machine  Shop 
Management  & 
Supervision 
Meteorology  & 

Navigation 
Photography 
Public  Service 


The  number  of  courses  and  the  subject  areas 
represented  will  expand  as  additional  mate-  . 
rials  with  application  to  vocational  and 
technical  education  are  identified  and  selected 
for  dissemination . 


Contact  the  Curriculum  Coordination  Center 
in  your  region,  for  information  rjn  obtaining 
materials  (e.g./ availability. and  cost).  They 
will  respond  to  your  request  directly  or  refer 
you  to  an  instructional  materials  agency 
closer  tp  you.  » 
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UMIf  t  0*  IWS? SUCTION  AND  CfftTCJIION  OftjfccTIVEl 


%  lm      Plaid  Mrthods  of  Trot*  Is shoot log  toglot 


a.  Given  engine  trainer  with  trouble 
Inducing  devices  ine  tailed,  tools. 'Vorki/ook, 
with  tdbt  ftqulpaent  deal**!,  and  practicing 
par* ocotl  rod  tqultmaot  sfiop  sdfsty ,  ose  visual 
auditory,  and  operational  asene,  check,  troubls 
sfcdbft,  and  correct  ulftjjictlons  lo  tha  a  tar  ting 
and  /Ignition  eyeteae^    Poll**  tha  procedural 
outlined  In  tha  workbook* 

♦ 

b.  Given  angina,  trainer  with  trouble 
Inducing  dsrrtcee  ine tailed ,  toola t  workbook*  / 
with  taat  aytiyant  denied,  and  practicing 
personal  end  esjulpaant  ah  op  safety,,  ualng 
rlaual  ,  auditory,  and  operational  at  an* ,  check, 
troufelaahoot,  md  corract  aalftactlone  in  the 
fusl-kir  aye  taw .    Follow  the  procedures 
outlined  In  the  workbook* 

<  , 

c*     €lin  engine  trainer  with  trouble 
Inducing  device*  installed ,  tools,  workbook , 
with  edit  esjatpaeet  denied,  end  practicing 
pereoaael  end  a^alpiat  shop  esfety,  using 
▼level,  auditory,  sad  operational  assmi,  check f 
tro^loohoot,  agd  correct  aalf unctions  In  the 
aschaalcal  syeteas.    Follow  tile  pr 
outllne4  la  t£e  workbook. 
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Audio  Visual  Aid* 
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Trainers,  tnglnaa  (1)  : 
61-2785,  tngine.  ford,  T-8 
60-2761,  Sngloe,  CMC  6  Cyl 

60-  2759,  tn«tae,  IRC  6  -Cyl 

61-  2781,  BngifM,  Chevrolet  6  Cyl 
'  61-2800,  angina.  Valiant  6  Cyl 
thehanle's  Cession  Bandtonla  (1) 
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Macvaalon/Daaonatratloo  (9  bra) 
Ferforaance  <9  hreV 
Outside  AeAlgnaeat,  (6  bra) 
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Instructional  Envli 
Classroos)  (9  hit) 


iat/D— Ian 


(9  tin) 


•afery^nd^roublestMotlnp  ,rocedureh  and  lisositrste  field 
snthods  of -troubleshooting.  Assitn  each  student  an  eesjlne  with 

and  euserrlee  Jdm  uhile  he  lsolstas  and  estreats  the 
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ck 
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fuel-air  ryot  eon  LAW  TOe  an^.  workbook. 
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MiFPOtT  MATC»1*LS  A*0  GUIDANCE 


aalfiapct&ooai  *    Point  out  an^  correct  error*  on  the  epbt.    Enaure  that 
all  aa£a7y  procedure*  art  fqllowad.  ,  ?treae  energy  an^  attrrlal 
cooaarveTlpo ,  **  *  C# 


Col 


1  jgfprgncj 


STS  Bef erence.  , 
3,. 44,  9,  lirf*.  1W,  He,  «c\f 


1— tract  lo—l  Haterlala  '  « 

3A8I4733O-VB-402,  Scientific  Tune-Up       Mechanical,"  Battery,  Ignition, 

Kl,  Lubrication,  tooling,  and  Crac&caaa  Ventilation  Syeti 
7330-SG-4O2,  Crankcaoa  and  Exhau$$  Ealealou  Syetean 
-WminVh  8C  WUt  ifcnoumtm  anHJtjUua  CPBtrolo 
TO  36A2-4-4-2,  OK  Maintenance  Manual  X 

to  3 306- 3- *-i,  mrt 


iter  Operator  Training  Baad>#ok. 
TO  330^-3-6-1,  Mat  Advance  Tenter 
7lQ  mi'iMH,  International  Engine 
TO  36A2-3-12-2.  Ford  Engine  (292V-S) 
TO  36*7  4- 22-2.  Ornvrolet  (230-6) 
TO  36A2-S-6-2,  Caryelfr  (Slant  6) 

*  w 
Training  Benlpneat 
trainee,  Jn«l5eT"(l): 
61-2783,  angina,  Ford,  V-8 
60-27*1,  angina,  CMC  6  Cyl 
60-2799,  Englaa,  IHC  6  CyJ. 
61*2781,  Baglne, ^Chevrolet  6  Cyl 
61728D0,  Engine,  Valiant  6  Cyl 
Mechanic 'a  Canaan  8ehdtoole  (1) 
Special  Tool*  (I)*, 

+Sm  aanlyaer  (2)  ' 
DlatriWtor  Advance  Teeter  (3) 


Training 


Ferret 


on  (3,  ore) 
t  (4  hre) 


n«M  of  winaucrioM  no.  >  3*8867330 


T— -  — 

OAT  I  2 


197S 


.      |v-M-OCK »°-  IF 


PAOCMO. 


22 


Q  AT      )•**    TJf  a 


MfVfttil  tWTrOttt  OBlOUTt, 
0)         O^  «f?l-V7Mf>/llt 


r 


•  {Pinal  Ceay 


80*  (84  ■  IrfJ^f 


( 


/ 


ERIC 


i.'ip 


 :  ;r- — J  : — p— 

rum  opiwstwjctiom  icwmm*^ 

f 

1  * 

UNIT*  OF  INSTRUCTION  ANO.CMTtMON  OtjectlVti^^V 

OUHATION 
(HOU*$> 

MAttftfALf  AW  GUIDANCE  * 

* 

3*    '  Tune-Up  and  Troubleshooting  Engine  Mech- 
anical. Fuel,  Ignition,  Anti-Pol lutipn, 
end  Enlaeiou  Control  Systes*  Using 
Diagnostic  Test  Equlpeant 

a.      Given  tools,  vehicle,  chassis  dyua- 
iter,  TOsv  and  practicing  autonotive 
personnel  and  equlpennt  ahop  safety,  ya« 
visual,  suditor^,  operational  nesns*  and  teat, 
equipment  to  check  uschanlcal,  Ignition,  and \ 
fuel-air  systens  I  AW  TO. 


b.     Given  tools,  engine  trainer,  engine 
analysers f  TOa,  and  practicing  all  .safety 
precautions,  una  visual,  auditory/  dperstional 
uMne,^fnd  test' en^pefent  to  che£k  each  en  leal, 
ignitidu,  and  fuel-air  systes*  titTjO. 
\  •  -         #     -  • 

•      o.     Given  workbook  ana?  angina,  trainers, 
deteradoe  procedures  for  inspection/ laaliita- 
nance;  and  repair  of  ant 1 -pollution  and  i 
enlssloo  control  systene ,    Follov  procedures  " 
outlined  in  workbook. 


an  of  *m  suction  no.  3ABt47330 


24 
(18/6) 
Day  31f32# 
•  33 


(6) 


(6) 


Instructional  Envlronncnt/Desljtn 
Claforoon  (5  hrs) 
Laboratory  (7  hra) 

Instructional  Quidanca 

Discuss  procedures  of  scientific  tune-up  applied  to  tha  e*chanlcal, 
electrical,  and  fuel  ays tens:    Include  discussion  of  shop  ssfaty 
practices  and  deaooetrate  tha  use  end  ears  of  test  equipment.  Assign 
efech  atudent  m  angina  trainer  to  per  for*  troubleshooting,  isolation, 
"fend  repair  of  naif  wet  lone  ulth  tha  una  of'  proper  TOe,  Maintain 
close  supervision  and  point  out  and  correct  Errors  on  the  spot.  fc 


Coli 


1  Reference 


3a 

3b 


STS  ta fa ranee 
3t  4d,  Ud#  14c,  13c 
3,  4d,  Ud,  14c,  J3£ 
3,  4dt  15t  ~~ 


Ina tructlooal  Mats rials  ,  *  . 

3ABl47:330-rT~4Q.3,  Clayton  Chassis  Dynanunater 

3ABft4>33O-VB-403,  Ttme-Up  and  Troubleshooting  Using  Diagnostic  Tost 

Equlpusnt  (Slaps on  Universal  Engine  Analyser) 
TO  36rA2-4~20-2,  1968  Chevrolet  Chase  is  Service  Manyal 
TO  36*2-5-2-22 9  Dodge  Truck  Service  Manual 

10  33D6- 3-10-1,  Operation  and  Service  Instructions  Vehicle  Chassis 
Dyn  sweater 

TO  33D6-J-14-1,  Instruction  nod  P/B  Universal  Engine  Analyser 
Dynaeawster  Operator  -Training  Handbook 

|0  36A2-3-S-2,  ford  Shop  Manual     ■        «  *  • 


TO 

TO  36A2-J-12 
TP  36A2-3-14-2t/6B  Fort 
TO  J6A2-4-17-2?  67  Ch«v 
TO  38A2-4-22-2,  69  Chcv 
JO  36A2-5-6-2  .  . 


Outrto  -  IJSlcli  ! 


o4tc 


""■it 


lf73 


•■ion  Control 
fofalelt  l»Uoloa  "patrol 


I 


stocr  fio. 


^*<(e  mo.  23 


.   *  % 

Ate.-*'0*1 

MAS  ft 


smvAous  ssitions  oefovtrc. 


Ofy  -  M*  -  •  X  MM) 


Me«ae^«#  ev|NM 


17 


>    PLAN  OF  INSTRUCTION  {CmUn**4  -  ' 


UNO*  Of  INSTRUCTION  AMD  CttTtaTiON  OtJt C  JfcVES 


4*-T  4.     Troublaahoot,  Diagnoala,  and  ltepair  of 
▼•fcicla  Lighting,  Warning,  Signal  Sj* 
Md  RaaJllght  Tan  ting 


«.     Without  rtfttt^cM,  idaatlfy  baalc 
fact*  ralatlrt  t^o  tha  function  m&  operation 
of  Hinting,  warning,  and  olgnnl  mytrnm 
with  10t  accorgcy. 


ft  am  or  iMfTaucuQM  no.  3*1147330 


DURATION 
-  (HOUttt 


r 


(10.3/4) 
Iter  34,33 


(3.3) 


SUPPORT  MATE0UI  i  AMO  CUlpAMCC 


Training  Iculpsnnt 

TrtlMn,  Kofiae*  (1): 
64-27S5,  Begins,  Ford,  V-8 
60-2761,  Engine,  CMC  6  Cyl 

60-  2739,  Bnglna,  IK  6  Cyl 

61-  2781,  Engine,  Chevrolet  6  Cyl 
61-2800,  Engine,  Vail itnt  6  Cyl 

Mechanic's  Co— up  Handtoola  (1) 
tehicln  (2) 

Vehicle  Chassis  Dynnaoonter  (10) 

En gin*  Analyser  (2) 

Die  tribute/  Advene*  Teeter  (S) 


Training  Kathode 

D£acaBal<m/D*aon*tr«t ion  (6.3  hre) 
rerfornanc*  (U.3  ara) 
Outside  Asslsnanat  hrs) 


Instructional  aarrironaant/Daalni  v 
Classroom  (6.3  hre) 
Laboratory  (U.S  hrs) 

Instructional  ftddance  , 

Dlecess  ssfsty  epsratfooof  teet  a«ulpa*at  sad  danonatrata  InV  tb* 
tfripaaat  1«  uead.    Assign  each*Studeat  «  vehicle  and  rotate  the 
projects  to  he  serf  oread.    Supervise  the  otadsnt  sad  point  out  any 
and  comet  then  on  ths  spot.    Dee  FT  f or  ontsido  ssslgsaent. 


Col  una  1  isfs'rsncs       M  Eaferencn 

4c  3,  9,  16b 

3.  p,  T8S 

•m. 

toetr^Uonal  Mater  tela 

3ABM7330-Mt-404 ,  Troubleshooting,  Diagnosis,  and  Repair  of  Lighting 
Honing,  and  Signal  S  re  teas  sad  Headlight  Tasting 


OAT! 


1973 


I 


stoat  no. 


It, 


I 


MCf  NO. 


24 


AY 


Ofttt  sua 


pagvtov*  toiTtoaf  oatocett. 

•         djffNnV  ftft-t»MM/4M 


o 


.ixwu 


rrfttaf 


n»**rf*-#*  - 


-  naWsaf  #dg  *p»^ 


4 


PLAN  OF  tNSTtlfCttOM  (C—iln—4  ^ 

UMtTS  Of  tMlTffUCTlOM  AMD  C*JTf  SlOW  OSJCCTlVff 

1 

DURATtON 
(HOUSD 

—           •         t  '<■ 

lUFPOtT  MATf  *IAt  S  AMO  f  tflOANCt             •       ***  . 

.  .  .    *  ■ 

b.  Provided  with  tool*,  equipenot , 
teeters,  vehicle,  and  practicing  all  seffaty 
precaution*,  interpret  circuits ,  echanatlcs,  ' 
and  dlagraeja,  and  uee  viaual,  oparatlonal  ansae, 
and  taat  equipaant  to  check  alactrlcal  ays t ana  f 
following  tha  procedures  outllnad  lu  FT. 

c.  Clvao  workbook ,  tools,  equlpnent 
testers,  and  vehicle,  and  practicing  autonotlve 

,  pereoonel  and  aqulpnent  ahop  safety,  chack  and 
repair  lighting,  warning  and  signal  cystene, 
and  chack  and  adjuat  headlights  following  tha 
procedures  outllnad  In  tha  workbook* 

d.  Given  tools,  test  equlpnent,  vehicle, 
and  prast icing  all  safety  precautions,  repair 
or  eerrica  vehicle  safety  accaasoriaa  IAH 
attnufacturer'e  specif lest Ions. 

J 

'       ,            *                           >                  -,  0 

t 

t 

I 

t 

r 

4 

(3) 

(3) 
(1) 

* 

r 

,  3AII47330-MI~404A,  Troublnohootlog,  Mngnodln,  aqd  ftnpclr  of  Lifting; 
Vornlog.  nod  Signal  Sjotnon  nod  floodlight  Totting  (floodlight  Too  tor) 
3AHL47330-VB-404B ,  Troubloohootlng«  Dlagnoaln,  and  Rnoalr  of  Lighting, 

Homing,  nod  Signal  Syotono  oad  floodlight  Tenting  (AC$oodllght  Alnor) 
3ABI4733O-rT-404,  Lighting,  Signal,  and  Warning  Syotonn 
3AM47330-rT-404B,  Woovor  Boodllght  Tnotnr 
TO  36A2-3-H-2-1 
v  TO  36A2-4-17-2  \ 

Audio  Visual  Aid*  f 
Pliant' 

TVL-472A;  Woovor  loodllght  Tootor 

TVL-472B,  AC  Bondlight  Tostor  \ 

*  \ 

Training  lonlsnont  - 

Ho^anlc'a  r inn ii  ii  Bandtooli  (1)                                            V  • 

Spoclol  Toolo  (1) 

▼oltantor  (1) 

Anno  tar  (I) 

Continuity  Long*  (1) 

Soldnrlng  lanlpnAnt  (1) 

Tnrninal  Kit  (4) 

■agency  lydronotor  (2) 

Vnttclo  (2) 

AC  tffo  ■  londllght  Alanr  (2) 
V  tfoooar  loodllght  Tootor-Alanr  <2) 

'jfrajjjan  Htthodo 

MocBnttnn/Pii  ii  i  ltratlon  (4.5  hro)        '  % 
yarfnihnnro  (4  axn) 
Ootolda^Aoolgonvot  (4  hro) 

lufcAratory  (4  hro) 

4              .  • 

flam  of  amaucTim  no.  3ABI473M 

?*"   2J««i«y»>S*  V   \m**m.    ir-                 |  Macon.  25 

PLAN  OP iNST RUCTION  <C«rtim«4 


units  of  ♦w$t»uctio«  «io  ettrenio*  o*jrcwe* 


OUtATION 

.  (HOimti 


Dlirooo  MctloiSI  m  oporotloo  of  oloctrlcml  iTitm  and  dtiowtuti 
th«  vorlouo  typoo.   On  oppll4«blo  test  oq ulp— o    to  chock  oyoto* 
opitotioa.    Am1|?  ««ch  student  «  vthlclo  to  troobUoboot^vad  adjust 
bo*dll*to»    Stiporrlno  him  doooly  m  bo  porfotw  tko  tooks,  comet  tog 
orron  lavidlftoly.  i 


S,      HiMurmnc  TMt  #od  Toot  Crltlqu* 


1*5 
Doy  35 


1. 


PLAN  Of  INSTRUCTION* 

JT  - 


CQUKW  Tit  VI 

Gan«r*l  Purpose  Vohlcla  ftaaifl 


-  Part  1  . 


V 


> 


•LOC«  fltil 

Pcwar  Tralna 


UNt  flOf  IWHWUCTIO*  MiO  CttTIWOH  OtifCttVCI 


/  CHJ*ATf0M 


I.     Clotchfa,  Standard  Tranaslaaloo*  and  Nftr 
Takaoff 

a.  Without  nfimc«t  ijlaatlfy  baalc 
facta  and  tana  ralatlva  to  principle*  df  / 
opt  ration,  function,  and  rtlatlonahlp  of  pt*f*r 
tr^na  aad  pwpooanta  with  70%  accuracy. 

b.  Prortdad  with  tachnlcal  publications, 
baach  It ana,  toolaf  and  aqulpaant  and  applying 
mtoaotlvd  paraoooal  jad  aqulpaant  bhop  aafaty, 
raptlr  or  aacridb  poanr  tralna  and  cohpooanta 
LAV  tba  tachalcal  or dor- 


rim  op  mil mvction  no.  \  3A0E4733O 


11 

Do?  3ft,  37 


<4> 


WOtf  MAT  (MACS  ANO  OW0ANCF 


Col 


(3) 


U 
lb 


ITS  Btf oraoca 

3,  44.  0.  17b 


1  \ 


Ina  tract  lowil  Itatagjato  ^ 

SAIW7W4-46-Wi:  clutchaa.  Standard  Tron.al.slon  and  Pottr  T«k.off 
3AM*7330-PT->Jl,  Clotch  Principle 
3AM147330-PT-5OU.  Standard  Traaoalaaloo  .  . 
JABS47330  -PT-5011,  Pooor  takaoff  * 
TO  36A2-3-6-2,  Pord  1-100  Nalotaoaaaa  Manual 
TO  3SA2-3-4-2,  Port  P-100-tOO  NatatoaoBca  Manual 
T0>3iA2-»-I7-2.  ftwiiUT  Sarrtca  Manual 


Antoojo 


itlva  Traooaiaaloa 


TrnlnlnK  Holfgot  • 


•0-252*,-  N-33  Truck'  Tranoal.aloo  <  10) 
60-2334,  Trooa  Cooo  N-35  Carg*  Truck  (10) 


(1) 


Spoclol  Tool*  (1) 

BOOOB  XtOO»Y  '  * 

Clutch  (10)  < 
Tin—  loot*  Standard  t* 
Pooor  Tofcoof f  (4) 


J 


avion  (2) 


(4  tin) 


Ootalda 


<2  tea) 


*  V 


OATf  j 


If  73 


Si 


1  *»»««>S  27 


tatviout  totTton*  oatdLivt  ♦ 


I 


/O 


FLAN  OF  IMSTKCTtON  (CMtkwtf 


*UWT$  Of  IMS1  IUCTION  XNO  CfftTtftfO*  OftJFCTIVf  S 


DURATION 


SUPFOUT  MATf  tIALS  ANO  GIMP  AMCC 


2*      Clutch  and  Transit.1 •* ion  Reaoval  and 
Raplatanant 

*  » 
*  * 

a.      SuppMad  with  to«?la  and  equipwnt, 
tacbalcAl  ord*?a,  ¥*hicA<*at  and  obaarvlng 
•otonoti^a-  paraoooal  an  J  equlpaant  shop  aaftty , 
rmo*a,  rapair,  and  raplaca  dutch  and  trans- 
■tailon  I  AW  tha  tachnlcal  publication: 

b*     ctvno  vnhldaa,  too**  t  and  aqulpraot, 
tachnlcal  publication* ,  and  practicing  autono- 
tlva  para.mnal  and  aquipoaut  fhop  aafaty,  uaa 
▼Inual  am*  oparatiooal  naaaa  to,  chack  tha 
clutch  and  trananlaalon  LAW  tha  tachnlcal  ordar 


8 

.  (6/2) 


LA  oratory  (S  hrs) 
Instructional  Cuidanca 

Macule  purpose,  oonatntctlooal  feeturee,  and  operating  principles  of  ^ 
pouer  train  unite  and  point  oat  their  relative  location  on  tha  vehicle, 
deelgn  each  student  a  unit  and  supervise  closely  while  he/aha  perform  ' 
the  required  teats.    Rotate  the  atudeata  so  that  each  student  works 
on  each  unit.    Point  out  and  correct  errors  on  the  spot.    Uaa  PTa  for 
ooteide  esslgnanat.    Stress  energy  and  enter lei  coueervetlon. 


Col 


1  Reference 


2a 

2b 


STS  Reference 

O,  ad,  9,  17b 
3,  4d,  9«  17c 


Instructional  Haterials 
3enl*7330-SC-SO2,  Clutch 
TO  3*A2-3-6~2 
TO  J6A2-J-8-2 
TO  36A2-4-17-2 

dndio  Visual  aids 
Cnarts  -  Clutches 


and  Transmission 


and  Replacanent 


Tralelna  taulpenat 


S3anl 


cTa 


Special  Toole  (1) 
Trananlaalon  Jacks  (1) 
vehicles  (2) 


landtoola  (1) 


tretlon  (l.S  hra) 
(4.S  hra) 

<2  hra) 


laatmctlonnl  


I  ah oratory  <». 3  hra) 


•tea  or  wot  suction 


3ABR47330 


OAtf 


2  January  1973 


T 


•toot  no* 


paoi  no. 


29 


,W     at  A «  ?| 


f»*f VIOUS  tOmOM  OMOCCTt. 
#U.t  afO«    l97$-7Tf'4#9/f  «• 


ittm*  Cap     MS.|  X  MH) 


fPtoo* 


•  26  .  • 


!:RJLC 


'  ) 


( 


If ' 


PLAN  OF  INSTRUCTION  (C««tl«*«4 


UKITS  OF  IHSTtUCTfOM 


mTmioii  osjcctivcs 


DURATION 

.  (MOUiS) 


\UWPOmJ  ftUT€ffl*LS  AMD  GUIDANCE 


3*     Irmdr  Case,  Propeller  Shafts ,  Center 
0     Bearings,  and  Universal  Joint* 

a*     Without  reference.  Identify  terns  and 
baalc  facta  relative  to  prlnclplaa  of  operation 
function.,  and  relationship  of  transfer  case, 
propeller  shafts,  canter  bearings ,  snd  unlvtr- 
eel  Joints  with  70X  accuracy. 


3 

Day  38 

4 


Instructional  Guidance  * 

Discuss  purpose,  f  met  Ion,  operating  principles,  nod  procedures  for 
removal  and  installation.    Demonstrate  various  nsthods  and  techniques 
used  in*  per  forming  maintenance  on  these  components.    Assign  each, 
student  e  po*er  takeoff  or  tranaplealon  and  supervise  hjn  doeely  „ 
while  he  disease**  las  f  lnepects,  repairs  v  as  required r  and  reasse»*le 
the  unit. 


Col 

5T 


1  Befsrenca 


3AB1 


Instructional  Materials 

''  Baariagat  Universal  Join 
,  3A»»47330-PT-5O3p  Drlva  Tr, 
10  3642-5-2-22,  Dodga,  T 
10  *A2-5-2-«2,  Dodga  T 

Audio  Visuml  Aid*  . 
Chart*  -  D{rlv*-Lln* 

* 

Irainina,  lault—Pt 
Trains rat 

*>  tO-2533;  Iran*  Cm* 
61-2829,  Iran*  A* 
5*2297,  Vlaca  (4) 
59-2449,  Oal*anal  Jo 


ag  Onlta,  Propal-cr  Shaft* ,  Cantor 
Winch 


ffarrlca  Manual 
Sarvlca  Manual 


Cargo  Trainar  (10)« 

ly  (10) 

(10) 


(10) 

Saras  (10) 
Proyllai  Omit  (10) 
Cantor  Boarlng*  (10) 
Oatoraal  Joints  (10) 


it ratio*  (3  hr«) 


PLAN  Of  INSTRUCTION  NO. 


349947330 


DATI 


stoat  no. 


PAGf  ifO.  29 


*TC  aJWA 


•etvteui  sotTtoei  oetotrrt . 


rfFleel  Cap,  - 14ft  -I  K  MK) 


tjArilrt  »  feet**  i 


***«  ajntf  at**  f****^ 


29 


r..'f  ■  ■ 
•  1  * 


*  / 


/2- 


FLAM  OP  HWTIRJCTIOM  (C^HI»«#4 


UNITS  0^  iffflftUCTIOH  AMD  C*Tf  HfOM  OtiCCTlVCS 


DURATION 

„  (MOUHS) 


WFPO«T  MATERIAL  I  AND  GUIDANCE 


I 

*-a>f  4.      Conventional  and  Autl-Spto  pif  ferentiais  f 
Front  and  Raar  Driving  Axles 

a.  Without  rn f err nr«->,  Identify  basic 
facta  and  tana  relative  to  principles  of 
operation,  function,  mi  relationship  of  ^ 
conventional  and  anti-spin  differentials  , 
front  and  rear  driving  axles  with  70%  accuracy. 

b.  Supplied  with  bench  i£«*s ,  tools t  and 
equipMot,  technical  publications,  and  using  * 
automotive  personnel  end  •quipnatit  shop  sefety, 
repairer  t *rvic«  conventional  nod  anti-spin 
differential*,  front  and  roar  driving  axlee  LAW 
th*  technical  order. 

c.  Provided  with  tools  snd  equlpattnt . 
tachnlcal  orders,  banch  Itevs,  and  applying 
au toast ivn  personnel  an*  squlpvant  shop  eafety, 
ilia  visual,  oparatlonal  Nan*,  and  taat  equip- 
sent  to  dhack  con van t ion nl  and  anti-spin 
differential*,  front  and  raar  driving  axles  1M* 
technical  pyblicatli 


16 

"  (12/4) 
Day  39,40 


(6> 


(4) 


<2) 


1 


siah  or  wit  suction  no*  UM47330 


OATS 


tructlonnl  toy!  ronnant / Dee ign 
a*eroo»  (3  hra) 


Instructional  Guidance  -  x 

Dlecuea  purpose,  constructional  features ,  and  operating  principles  of 
pover  train  units  «td  polnf  'out  their  relative  location  on  the  vehicle. 


Col 


1  Inference 


STS  Reference 
17a 

3.  4d,  9,f17b 
3,  4d,  9,  17c 


Front 


4a 

4c 

* 

Ina  tract  1  opal  Mat  a  rlala 

3ABI47330-FT-S04,  front  apo*  Raar  Driving  Axle* 
3AB1A733D-R-S04A,  Antl-»»io  Dlffarantlal 
3AM4733O-tlB-504,  Coa?aaeioaal  and  Anti-Spin  Diffaranflal 
Driving  Asia 

3AM47330-9C-I04,  Conventional  and  Antl-Spls  Dlffarantlal  ana*  froat 

Driving  Asia  * 
TO  36A- 1-411 ;  M-37 ♦Truck  OparaCloa  and  Sarvlca  Manual 
TO  36X2-5-22,  1944  Do4aa  Sarloa  Shop  Maaual 
TO  36A2-5-2-62,  Dodna  Track  Sarvlca  Maaual 

Ittdltr  Tlanal  Alda 

Chsrta  -  front  and  lanr  Driving  Asian - . 


MackaaiPa  Onanon  laadtoo\a  (1) 
Saaclal  Tool?  (1) 

Mai  Indicator  (1)   .  \.  - 

it  v       *       .    *  . 

55-0744,  Mffaraatlala  (10)    .  v 
66-3391,  Uat  Asia  Aaaaaalr  (10)  T*' 
59-2431,  Asia  Aaaanfcly  (10) 

rroat-Drlvlag  Asia  Aaaaaaly  (2) 
Conaaatlnaal,  Mffaraatlal  Asaaasly.(2) 
Anti-Spin  Dlffnraatial  Aaaaaaly  (2) 


PAQt  MO. 


30 


3a  _  _ 

|ERIC  #. 


f^atVlOUt  COtTIOttfoaiOLtTt. 


«*aW 


FLAM  Of  tyfSTMfCT! 


units  of  m$T»ucTioH  mo  cmtCfttOM  objcctivi $ 


DM VAT  IQN 
.  tHOUffS) 


SoPPO*?  *ATM**L*  A-O  GU*OA*Ct 


V 


v 


5.     Prlnclplaa  of  Automatic  Transmissions 


Without  nftrmcii,  ldaatlfy  basie 
\facta  tad  tan  ralatlva  fo  ttrmtnology, 
plmatary  ftara,  and  hydraulic  prladplaa  of 
automatic  craraUitem*    Stvdaata  will  apply 
thaa  to  aalactad  fuactiona  and  oparatlona  of 
a  olapla  ttrtV-apaad  automatic  transmission  with 
701  accuracy* 


(6/2) 
Day  41 


Training  Hathoda 
5CS5oloa7S55M  t rat  lob  (6  bra) 
Parformanca  -hra) 
Outaida  Aasignasnt  (4  hra) 


nt/Paaipp 


Iaatructlpaal  Inyir 
Claaarooa  <6  hra) 
Laboratory  (6  hra) 

Inatroctiooal  Quldaoca 

Diacuaa  purpoaat  constructional  faaturaa,  and  oparating  prlnclplta  of 
coolant iooal        .mti-spia  dlf  faraotlala,  front  aid  rear  driving  aslaa. 
Aaalga  aach  studant  a  unit  to  work  oo  and  aupaxviaa  h*a  cloaaly  mm  ha 
parforaa  tha  raqulrad  taaka*    lotata  atudtata  an  that  aach  works  on  ill 
tmita.    Point  out  and  corract  arrows*  oo  tha  apot,    Usa'pT  for  outaida 


Colt 


1  lafaranca 


STS'Rafaroaca 
17* 


totructlonal  Hotarlala. 

3MM7330-80-505,  Prlnclola*  of  Autoaaelc  Tranaalaalona 
Traiaiat  todwirt 

Traloar:    5f-24«9,  Staple  tlmmtary  Cur  Sot  (10) 
Mtsc  Boach  I  com 


Trl 


Dio  

Oataloo  Aaal 


Hathoda  - 

/OwtoM  trot  loo  (»  hra) 
ant  (2  hra) 


fotroctloool  fwt 

(t  hT«) 


it /Do*  Ian 


Iootnictloool  Cttl4oaeo 

Maetaa  constructional  fcatoraa  and  daaweatrata  ooaratlag  prloxlploa  of 
ralatod  coapouauta  that  aafca  ap  aataaatlc  tranaalaalona.    Stroat  all 
aafaty  nraeauttoaa.   Strena  on«rt7  and  aatarlal  coaaervatloa. 


PL  A*  OP  WITDUCTiajl  MO. 


3*0**7330 


OATC 


January 


1§7S 


•LOCK  NO.  p 


PAOf  NO. 
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32*  * 


*oa*  Hti 


patvttiu*  a  mTtoat  oasoLiTi 


<Pia«IC^y-m-t  XtOH) 


MliaMt^ 


33 


PLnH  Or  INSTRUCTION 


UMTS  Of  WSTMCtlpN  AMO  C9N Tf HfON  OSitCTlVf  $ 


ttechanlcal  Operatic  and  LHaaee^afcly  of 
Torque- Flit*  T?anr alp* tone  nJ  ? titers 
Ccaqsoowite 

a.  Without  nfir«ncMt  Identity  bailc 
facta  arfrf  tana  relative  to  tba  principle*  of 
oparatloa  of  torque  converters  and  planetary 
par  traloa  and  provided  with  quae  tlone  ,  the 
ntwdeate  will  select  tha  t«*apoeee  that  iocnti- 
Wee1  eele«,t4»d  princ'plee  of  oparatloa  of 
torqua  converter*,  aad  torque-fllte  transfusions 
vlth  70S  accuracy. 

b.  Provldad  wltt>  tools,  equipment,  and 
baach  it  see,  while  aAoring  to  appropriate 
aafaty  practices,  dlaaaseable  torque-fllte 
traealaelou  UH  appropriate  technical 
publications . 


DURATION 

^  fHOUSl) 


8 

(6/2) 
Day  42 


Col 
U 

6b 


uwp  1  Inference 


STS  Inference 

m  

3,  4d,  9,"  17b 


Instructional  Kitttiili 
3UU73]0<46-SMI  FrtnclpU*  of  Operation  «nd  Malntei 
Flit*  Automatic  Transudations 

TO  36 A2 -5-14-2,  1972  Chrysler  Service  Manual 

Audio  Vleual  Alee 

Charts  -  Torave-Fllte  Traneniaalon 


cm  of  Torqua- 


Bench  leans t 

Torque-fllte  Autoaaclc  Trensuiealona  (2) 
Mechanic**  Counoo  ■andtoolo  (1) 
Special  Tool*  (2) 

Training  Methods 

Mscusslen/Thni isi ■ trat Ion  (3.5  bra) 
Perfomsnca  (2.5  hra) 
Outside  Asslgnaaat  (2  bra) 

Laboratory  (2.5  hra) 


Instructional 
Discuss  tie 


principles  of  torque  converters 
_»  student!  to  bench  itan  tn 
closely  to  ensure  lAuwui  to  procedures  uhile  chay 
transmlision.   Stress  all  safety  prscautlons.  Sti 
terial   


torque- f^te 


01 


34-  — 

ATf   'ft*,  3S7A 


.,  fMtfvioift  toiYtont  oatocfTc. 

u  •U^OMf^fttS*ff*-AaTaV9ff 


tfieelCspr-  j-IKMf? 


*4 


ft  Mi  OF  INSTRUCTION  (C*»tia»#4 


U*m  Or  tmtftOCTKM  AMD  CWfCtKW  MJ€Ctlve$ 


7.  Hydraulic  Operation  and  lap  air  of 
80b— —bliaa  of  tho  Torqwt-nito 
Tr*m*nl»ilcm 

>  * 

a*     Without  raferenca*  Identify  baalc 
facta  md  tett*  ralativa  to  tfc*  hydraulic 
operation  la  tha  torque-fllte  travrataaloo 
with  70Z  accuracy* 

b.      Supplied  vith  bench  ltaes,  toole,  * 
•quipnant,  md  tachnical  ptAUcat  looa,  and 
ualag  appropriate  safety  practices,  die- 
eeeeefcle,  iaapact9  and  re  email  la  evfreeeeiefcllae 

of  tha  torqua-flit*  treaoedoeloo  IMI  tachnical 
pub licet lone. 


8.     eannonbly  aid  Troublaahbotlag  of 
Torana-rUtn  Trannndntloon 

■  a.  Prooldnd  wttb  tool*,  tqtkfmm 
banch  ltaw,  tachnical  publication*  (  an 
obaarrlag .  appreprlata  aafaty  proenatloa 


PL  AM  Of  WfTHOCTIOH  HO.  3AIE47330 


DOTATION 
.  (MOU«« 


6 

(4/2) 
Day  43 


<«/2> 
Day  44 


LRU 


tUPPOPf  MAtf  RIALl  AMD  CUtOAMCt 


IP  Jajfdraaca 

TtT 

3,  4d,  9,  17b 


Col  tarn  (l  lafaronc* 

7b 

taa^^Uoaial  Watarlala 

34M47S30-4G-9O4,  Prindplaa  of  Oparatlon  'and  Malntananca  of  Torqup- 

Flito  Trfoaadaplon 
TO  3642-5-14-2  * 


Audio  ▼laoal  Aida 
3555  ■  tiuiao  im 


Trnlnlnt  loolpannt 

Banch  Icaat 
Torqua-Fllta  Traanainaioo  (2) 
Hacbonlc'a  Cannon  naadtmsia  (1) 
Spacial  Taola  <2>  * 

Dlaeopaloo/Danonptrat  Ion  (2  bra) 
Farfomanoo  (4  bra)  1. 
Oottlda  iNlfMt  (2  bra) 


Laboratory  (4  bra) 


iaa  tract  loan!  Oaidanca 

Pla  tfaaa  tba  pparptlod md  ralatlonafcip  of  tha  hydranllc  annton 
eoBOpasta.   Allow  a  tod  acta  to  dlaaaaonbla.  Impact,  afed^aaaaaobla 
tlw  ccvyooaata .   Btraaa  aaargy  and  notarial  cooaanratldn. 


Colono  1;  Kafaronca 

8a  -  - 

a 

Inn tract  loaal 


3,  4d,  9t  17b 
3,  4d,  t,  17a 


IaM47330-dC-S04,  Ooaratloa  and  Nalatananca  of  Torqvn-rilta  Tr 
TP  3442-5-14-2 


ion 


2  Jonodry  H73  j  >coc,w0t 


I 


pAacno. 


33 


;  • 


ERICS 


Ate  *0**  nfA 


 TO, 

•  ttAM  if  r»-tft  IMfll 

a     f  - 


tftaatpdjpr-fdS-tXffh) 


3' 


PLAN  OP  tttTIUCflOH  <C««fftw«w« 


umn  o#  umaucTtOM  mo  cutTtttOM  oajtcmts 


rmm—blm  w»T*w*-fllto  LrwtliiloM 
tachaical  ordara.  F 


b.      Provldad  with  technical  pt*>licmtlcn», 
traoaafaaloa  aalfunctJra  ajaptoaa,  tha  atttdant 
will  apply  t rook  laahoot lag  yroctJurM  to 
isolata  aalfuMtloaa  m4  aafca  i^i  iiaaamli  1 

corrective  #ctiooe  with  701  accuracy.  t 


l^f  9.     Coaar^A  Am  tow*  tic  Traaaalaaloo  Malatenaace 
Proc*  >toa 

a*     Proriwwd  with  tod  la  i  oquipaaat, 
vahiclaa  t  aojlaa  traiaer*  v/ tranaaleeloae  9 
aa*i  cwaerwlaf  apf  taprlata  aafaty  paaetloae  , 
oaf  ▼laaal  mi  oparatloaal  tm  to  porfon 
1**  wfttocOoa,  baa*  mA  Uakayft  adjaai 
Tfttuii  eratrol  omit  dtacka,  and  4a  to  rail 
a*t4  obaagt  freeaiaiaa  oat  aatoa*tlc  tri 

^rt^P^Pl'O^a^^^  JABf  t^P4ab^a^^L^B^Bl  JW^a^a^^L^Mkt  al^l^a^O  •  - 


*t Ml  O*  atSTftUCf  MM  1 


3411*7330 


OuftATKM 
.  (HOURS) 


6.5 
(4.3/2) 
Day  43 


HIPPO*  T  MATIMAyi  AMD  ome*MCi 


/ 


Tralalaa  l«gl_ 

■wen  It— tt   Tonp—-Fllf  Tr 
Mechanic'*  Cn^ii  laadtoolt  (2) 
Special  Tools 


MlOM  (2) 


T<  

Dlscuealoa/ttaamatratlon  (2  hra) 
r*rfore*Dce  (4ihre) 
Oatai**  AMlpMDt  (2  hra) 


5woo»n?iiiS)irwM>*t/p<*tg> 

Laboratory  (4  hra) 


tfilMfi  <rtll  awaU  traaealeeioea  la  aeeordanc*  vlth  TO  mU 
I— tractor  till  aufanrl— '  el— ly  to  aaiurs  adha  rosea.    Eraaaat  i 
oyeratloaal  aalfaoctloa*  far  attJhaoata  to  isolata.    Straaa  all  aafaty 
pracanttoaa.   Straaa  Material  alad  oaerfy  eeeaerratlc 

Cole—  1  ■oftreaca  ttt.ltm«fff 
fa     ■      \  1,  4f  ,  f,  17b.  17c 


iratloo  i 

TO  3f*2-^»l*-2 
TO  3ft*2-3rS9-2-l 

Tralalaa  le*lee*at 
EmE  tajMi 
Ter*ee-Fllee  Aateaetlc  TraacarfMloa  (2) 
6-4  Par*  Teeaaa  Coacral  Oalt  (2)  ' 

itar  with  **  to—tie  Tranealegloo  (4) 


Malat—aaca  of  Torquo-ttlta  Tranawl  laloea 


1.1 


aaetHQ. 


fHICVfeiftf  COtTftOwt  OfHlIT c . 


I  «Pl»a]C** 


:eric 


11 


PLAN  OF  MSTtUCnON  (Ce*tifi»e4 


UMlTf  QP  lH*T«OCtlOM  AMO  CfflTttfOM  OfJf  CTlVf  $ 


OUt  AT  ION 
.  (MQUftS) 


SOPfOftT  MATEIIULS  AND  GUtOAMCE 


Related  Training  (identified  In  count  chart). 
10.    Hiiiurmnt  Tut  md  Tut  Critique 


2 

Dey  45 

1.5 


plan  or  msf  micriOM  *o. 


OATC 


loatrvctloaal  EnTlrpoment/Dnelgn 
LA  oratory  (k.i  KreT! 


> 


Instructional  Quldapce        i  ^ 
Poliovinf  all  eafety  precaution  and  following  tha  procedure*  In  TDa, 
perform  adjuatmente  and  maintenance  of  automatic  tranemlaeloo.    S tree a 
energy  aid  material  conaervatlon.  < 


J 


1975 


•COCK  NO. 


r 


PAOt  MO. 


ATC  UFA 

NAM  71  ^ 


patviee*  ea^tent  mm  fte. 
•  w.e.  e»pf  ttrt-rre-tfes/tm 


41 


tlttOM gUAMCggt I.  C— td) 

■a««hawi^Mri« 


»  <m*viovai  orricc  amo  oatc 


IMtTRUCTO* 


TITLE    g  A, 


OCX  TITLE 

»  u  iTu'ne*up  and  Troubleshooting  -       1  _ 

I  uUj&.TiTui  Scientific  Tuntf^up  of  Mechanical,  Batteey.,  ^Ignition,  Fuel,  Lub- 
i  :'u  tlion,  Cooling  and  Crankcase  Ventilatlitf  Systams  ?  *  . 

•     "     ■  ^  I 

'  •  Mil     »         t  l  


j'<WH*WLahdrat6ry 

t  .jAU  3  hrs  /  Perf  7 


hrs 


^jJMOtl  OUWATtON  I 


^  hrs 


16  hrs 


got  gmiaici 


*AOE  OATC 


•    NUtt*Cft  -     '  ' 

!::T":  -17^X0 


tTt/CTt  ttPltlWCl 


FA^ AQA A^M 

% 


OATC 

3  Sep  197*» 


lOFf  tvisoe  APPROVAL 


OATC 

OATC 

• 

; — r-» — 

PRCCLASI  PREPARATION 

COUIPWCMT  LOCATED 
IN  L  AVORATOftY 

equipment 
prom  supply 

GLMHriCO  MATtftlAi. 

OftAPHtC  AIM  AMO 
.  UN CL  AMI FICO  MAT  CHI  AC 

1.  Trainer  i61-2785 
60-2761 
s,      -  60-2759 
>K      «  61-2781 
5        -        ^1-2  800 
^ .">rhan ic  *s  Com- 
mon Hand  fools 
?.f;rec  ial  tools 

None 

None 

< 

2. 3ABR^7330-SG-40 
3.3ABR4733^-SG-^0 

4.  TC36A2-4-4-2 

5.  T033D6-3-^-l 

6.  Dynamometer 
Operator  training 
handbook 

♦ 


 CRITERION  O0JCCTIVC1  AMO  TtAORMO  STgPS  

n .     FroviMed  engine  trainef, tools,  equipment,  engine  analyzer,  TOs^ 
workbook,   following  all  safety  precautions,  use  visual,  auditory, 
operational  ueans,  and  test  equipment,   to  check  starting,  ignition, 
T.echanicil,  and  fuelrair  systems  IAW  XOs  and  workbook. 


TEACHING 


TSFcy LISTED  IN  PART  11. 


i 


xtc 


AUO  Tl 


770 


ERIC 


\ 


EQUIf^JSNT  LOCATED 

:n  laboratory 

3.  Gauges 
9.    Engine  Analyzer 
10.    Distributor  advance  tester 


GRAPHIC  AIDS  AND 
TWCLOSITOD  MATERIAL 

7.  T0>3D6-3-l  * 

,8.  T03$A2-2-13-2 

9.  T03*A2-3-l2-2 

10.  T036A2-4~22-2 

11.  T036A2 -5-6-2 


9 


43 


9 

ERJC 


1. 


2. 


.  IN7R00UCTI0K 

*!1a<?  1:815  lts$°"  10  PWlws  iMsons  1n  tht  course,  and  ask 
the  students  Vor  some  of  their  experiences  with  these  svsteK 

and  grade  outside  assignment.  %ySUm'    *  1W 

3.   Overview:   This  lesson  win  be  a  discussion  of  Tune  Up  and  maintenance 

system,  anti -pollution  and  emission  control  ivttMc    u»  yrin  •«i*«Ji  -111 
time  m  the  classroom  discussing  the  broce^ures  hut'«i2  nil  !??^k! 
spent  in  the  lab  actually  tuning  aTtSlne?^  ^  ^U  * 


BODY 


PRESENTATION: 

Ref:    Para  a,  Part  1 
a .  Battery 

(1)  Visual  Inspection 

(a)  Cracks 

(b)  Loose  or  corroded 
°  connections 

(c)  Hold  dowri  device . 
(2)   Cleaning  and  servicing 

(a)  Remove  dried  add.  and. 
oil film  to  prevent 
seJf-dtschargt 

(b)  Soda  and  water  solution 

(c)  -Service  with  distilled 
water 

("3)   Battery  testing 

(a)   State  of  charge 


11  Hrs  20  M1n 


3ABR47330-WB-402 
3ABR47330-SG-402 


Note:   Stress  that  two 
reference  manuals  must 
be  used  -  One  for  operat- 
ing the  equipment  and  one 
for  the  vehicle  engine 
sptcs. 


TO  3306-3-4-1  p.  11 

Stress/clean  work  habits 
1n  post  maintenance  clean-ups 
and  professionalism,  when  per- 
forming maintenance  tasks 

TO  3306-3-4-1  p.  12 


1  Use  battery  hydrome- 
ter 

2  Specific  gravity 

ralStVJ?" 10 


~  ,025  fr«  cell to  cell  .  > 

Indicate  defective  ^ 
ct11$  * 

4  Must  cdwpeneate  tor 
"  electrolyte  " — 


a  for  every  iOD.above' 
-  80°  add  .004  to 
float  reading'*  / . 

b  every  lOP  below  80° 
~  minus  .004  froi 
float  reeding 

(b)   Battery  Capacity  (Load)  Ttst    TO  3306-3-4-1  p.  13 
(High  rate  discharge) 

1  I  nd1  cates  1  ntemal  condl  - 
~  tlon 

2  Battery  voltage  under  ' 

"  load:  ) 

a  12  volt  battery  - 
~*  not  lowfr  than  9.0 

b  6  volt  battery  -  not 
"  lower  than  4.8 

(c)   Leakage  Test-  TO  3306-3-4-1 

1  Performed  to  check 
~  battery  self-discharge 


2  If  a  voltage  reading  1s 
"  obtained  the  battery 
should  be  cleaned  with 
baking  soda  and  water. 


J 


Starter  Motor  Tests       •  - 

(1)  Aeperage  draw  test  -  perfdiwed       Also  dufinfc  routine  tune-up 
when  starter  operation  1s  unsat- 
isfactory. 

(a)  Refer  to  mfg.  manual  for         TO  3306-3-4-1  p.  19 
procedures 

•■   *  ^ 

(b)  Test  results  and  Indications 

I  On  Vehicle,  high  anp  45 
draw  -  Tight  engine, 


J 

\ 


defective  starter  . 
perform  bene*  ttst 

excessive* resTstance  r 
perform  circuit  resist- 
ance *ests.  /  Brushes 

3  OFF  Vehicle  normal  draw,  " 
on  vehicle  high  -  engine 


£  OFF  Vehicle  high  draw  - 
snorted  field,  dragging 
•mature.  Disassemble. 

(2)  Circuit  Resistance  Test 

(a)  Connect  voltmeter  in 
parallel  with  circuit 
and  operate  circuit 
while  observing  volt- 
meter 

(b)  General  Specifications— 

1  Insulated  Circuit 
Max  .5v 

2  Ground  Circuit  Max 

.2v 

(c)  Isolate  resistance  by 
tracing  circuit  back 
to  battery. 

(d)  Sources  of  excessive 
circuit  resistance 

1  Loose  or  corroded 
battery  connections 

2  Poor  brush  contact 

3  Poor  Internal  Connec- 
tions 

f 

Ref:   Para  a,  Part  1  sc 

a.    Ignition  System  (Conventional)  CHECKS 

*  ■  * 

•<M  Wlrlngr  Inspect  for  frayed, 
cracked,  broken  Insulation, 
connections 

(3) 


s 


\ 


ERIC 


(2)  .  ....  . 

.    fom  I  AM  Hfg.  Hernial,  ttted 

to  "see"  the  flmneraT  condi- 
tion of  the  ignition  system 

(3)  Ballast  Resistor-  Voltege 

(4)  Primary  Circuit  Voltage 
Drop  Ttsts 

(5)  Coll  Tests 

(a)  Leakage 

(b)  Continuity 

(c)  Capacity-  " 

(6)  Distributor 
(a)  Points 

\  Alignment 

2  Spring  Tension  - 
~  weak;  high  speed 
miss 

,3  Gap  and/or  dwell  ^ 

4  Dwell  Variation  - 
~  over  20  with 

a  change  1n  dist.  speed 
worn  bushings 

b  change  in  throttle 
opening  -  breaker 
plate  bushings  worn 

5  Circuit  Resistance  - 
"  Distributor  Primary 

Connections*  point 
contacts 

*  Burned  Blue-high  pri- 
mary voltage 

7  Burned  Black  -  011 
~  vapors  or  lubricant 

8  Pitted  -  bed  condensor  -' 

(b)_  CcnXpbe  accuracy  -  Dist.  * 
T«£t£\cr  Scope  test 


Dyno  Book  p.  6-9 


5  normal  on  some  dist 


pyno  Book  p.  6-10 
47 





(c)  Condenser 

_  X:  iifii^!*i   

2  Capacity 

3  \Insulit1on 

■     '  •         '  \ 

.    (d)  Advance  -  Mechanises  * 

>     with  Wst.  Tester  or 

on  engine 

1  Centrifugal  -  Inproptr 
advance,  chock  spring 

,  «       v  ttnslon  Ind  weight 

"-movement. 

2  VicutM  -  Too  Unit  - 
chock  d1aphreg»  for  nolo 

\  or  noveaent  of  brookor 

pUte 

■  >  • 

0)   Secondary  wiring 

(a>x  Oscilloscope  Test  -  high 
•  resistance  wlre(s)  -  high 
firing  11ne(s)  ♦ 

(b)'  Ohm  tar  Tost  5000  ohm 
-    por  foot  of  wire,  Maxim* , 
not  to  oxcood  ?5,000  ohm. 

(8)  Distributor  Cap  a  Rotor 

'  (a)  Osc1*j0scope  Tost 

(b)  Carbon  Tracks     v  « 

(c)  Terminal -jCorrosI  on 

/        (d)  Cracks  ^ 

(    (9)   Spark  Plugs  r^ 

(a>  Oscilloscope  Tost  -  action 
of  the  plug  firing  can  bo 
soon  In  the  firing,  section. 

(b)  Inspection 

I?  Black,  Dry  fluffy  carbon 
Rich  Ar*R,  cold  plug. 


3  tight  tan  or  gray  -  * 
nomtl 

4  Blistered  -  too  hdt 
(c)  Service    '  * 


r 


J 


1  Clean  1n  solvtnt 

2  Sand  blast  V 

3  Flit  electrodes*  flat 

4  Regap  wfthwlre  gauge 

5  Tast  under  pressun? 

§ 

6  Replace  gasket  when 
reusing  old  plugs.  ' 


J 


(10)    Ignition  Timing  TO  3306-3-4*1  UOT 

...   „  •      ^  _^  TO  3306-3-16-1 

(a)  Adjust  idle  to  mfg.  specs.      01st.  Advance  Tester 

(b)  Chfck  Wg.  manual  for  pro-  - 
cedures,  specs,  and  timing 
marfcs 

(c)  Remjwa  vacuum  Unas  and 
plug  If  required 

•  « 

(d)  Timing  marks  should  align 
when -shining  I  timing  llflh^ 

Ignition  System  (Conventional)  TUNE-UP 
(1)  Qlstributo?* 

(a)  Points  Replacing  ^ 

— t 

i  lubricate  cam  lobe 

*   2  install  points,  check 

alignment  A  spring  , 
tension  ' 

3  Adjust  gap  recheck  with 

dwell  meter  -  /  Ag 


4  Visually  Inspect  wiring 
and  connections 


(6) 


^  a^  ^    Coio^oioJo^^t^HP  ^  e^^s^^^  ^k^e^s^  ^Mo^^k^^ 

rtqulrtd  » 


(0 


(•) 


mmr  required 

Distributor  cap  A  rotor  - 
replace  when  reeulred. 

Spark  plugs  -  Replace  when 
required.  First  chock  gap. 
Keep  electrodes  clean. 


(f )   Ignition  Tlsrtng 
1"  Chock  Dwell 
2"  Adjust  Idle  spood 

3  Chock  Mfg.  annual  for 
7  Procedures,  specs,  and 

tlnlng  narks. 

4  Ranovo  and  plug  vacuus 
linos  as  required 

5  Rotato  distributor  body 
to  align  tfsrlng  mrks 


6  Ro-chack  narks  af tor 
'ihtonlo 
ld*down 


tightening  distributor 

hol< 


APPLICATION: 


1.   Rof:   Para  a.  Part  1 


Allow  students  tejttplace  all  defective  parts 


TRAINERS 

61-2785  Engine  Ford  V-8 
60-2761  Engine  GHC  6  cyl. 

60-  2759  Engine  IHC  6  cyl . 

61-  2781  Engine  Chevy  6  cyl. 
61-2800  Engine  Valiant  6  cyl 

TO  3306-3-16-1 
TO  3306-3-4-1 
TO  36A2-2- 1-122 
TO  36A2-3-12-2 
TO  36A2-4-22-2 
TO  36A2-5-6-2 
TO  36A2-4-4-2 
Special  Tools 
CoOtina ,  Hand  Tools 
Engine  Analyzer 
on  engines. 


(7) 


$2S  MEWS.**  **  »  ■ 

Tht  main  points  to  rnwtn  . 

I!l?*!!!tt,ry  !"•*  *  *J  ••tl^tctoty  condition  bjfort  tht  starting  and  Ignition 
mtow  can  bt  proparly  ttstad  and  Malfunctions  corrtctad.  9 

Jv!L?ftrtl!2         *"*  °*rtti  lrtth0Mt  "•^wctlons  also. 
322  &  2ffJS!!l!1an  fylJi*  ^  bf,cor^ctly  Idtfitlffad,  dlagnosad.  and  tar- 
vlctd  to  allrinate  as  such  as  posslbls,  future  sal  tactions. 

r^taSght.041**110*1*  °f  dl1ly  4ppr,1"U  §t  tt18  t1-,i  *  *****  trtas  to  bt 

What  dots  tht  sptclflc  gravity  ttst  dttemlna? 
Statt  of  chargt.  ( 

What  dots  tht  capacity  ttst  1nd1catt?  ' 
Internal  condition*.  v 


How  *  you  dttamlnt  whtthtr  high  aaptraga  draw  1s  causad  by  a  tight  . 
angina  or  dtftctlvt  starter?  7  *n* 

Pt^foim  a  banch  tast  on  tht  s tartar.  ' 

What  causas  txctsslvt  voltagt  drop? 
Exctsslvt  Raslstanct. 

Wh>t  is  tht  osdlloscopt  usad  for?  * 
cf  aH^llndJrs*1*  l9n1t10n  %yttm  by  fliv11*  1  (Hctur*  of  «■  f1r1"9 

* 

6,   Q.   Nama  a  cannon  causa  of  txctsslvt  voltagt  drop  In  tht  distributor 

pramary  circuit. 
,.   A.   Burnt  points. 

/.  Q.   What  c&ut as  dwt  11. variation  abovt  nonaal? 

A.  Worn  distributor  bushings  or  brtaktr  plate  Jwshlngs.  * 

%:  ?'  !£!t..?ou1d         *o  11ttU«tchah1ca1  advanct? 
A.   Sticking  walghts. 

10.  Q.   What  causas  a  spark  plug  to  acgunulatt  a  dtposlt  of  dry,  black,  fluffy 
carbon 7  *  .  „. 

A.    Rich  APR  or  Cold  plug.  * 

ASSIGNMENT-  CTT  POI  Para  2a,  b      2  hrs. 


e  ?0r  tomorrow  will  bt  to  brltfly  look  *t  Exorcist  3,  pogt  18.  19. 

23  i  a  of  WB  402.    Also  r„o  ptott  9-»  in  To  JSW-3-4-1.   You  oust  bt  tblt  to 


V  . 


\ 


ntkt  a  compression  tost  to  dotormlno  tht  internal  condition  of  an  onglno;  This 
Is  whit  you  will  bt  doing  1n  tat  loo  tomorrow.  Uso  tho-mothod  of  study  wo  novo 
discus  sad  bofort.  Mamoly:  SQ30 Smrvcy,  QuootM,  matm%  maclto,  Rorlaw. 


1. 


3. 


INTRODUCTION  TO  NEW  DAY'S  WORK 

^sfc*?!?1"1  Wi?*'***  *****  1f  »  Mcaisoiy  port  of  tho  ovorall  onglno. 
WltHput  It  wo  would  not  novo  an  oporatlonol  onglno.  *nd  It  Mitt  work  In  harm- 
ony With  tho  rost  of  tho  ong1 nt  systams. 

a.   Tho  mechanical  system  might  bo  compared  with  tho  workings  of    f1no  watch. 
As  each  tick  of  tho  watch  swans  every  mechanical  part  must  bo  1n  exactly 
tho  right  P] act  to  qlvt  tho  cornet  time;  so  must  tho  mechanical  parts 
bt  1n,exectly  tho  right  pi  act  at  tho  right  tint  for  a  vehicle's  onglno  to 
perform  as  It  was  built  to. 

Yesterday  wo  applied  our  knowlodgo  of  tho  electrical,  starting,  and  battory 
systems,  and  how  to  tunt-up  thoto  systems. 

Today  wo  wtll  study  mechanical  and  fuel/air  systams.  Wo  will  perform  tests, 
and  measure  compression  and  valvo  mechanisms,  and  meesure  and  adjust  fuel /air 
systams,  Malfunctions  and  corroctlvo  action.  Wo  will  also  cover  the  onglno 
support  systams. 


PRESENTATION: 
11.   Rtf:   Para  a,  Part  1 

a.   Mechanical  Systam 

C 

(1)  Comprtsslon  testing 

(a)  Normallza  onglno 

(b)  CI tan  arta  ramoyo  plugs 

(c)  Opon  choke  and  throttle 
plates 

(d)  Insert  gauge  and  crank 
onglno  at  least  4  times 

(t)  Rocord  roadlngs  repeat  for 
all  cyllndors  -  analyze 
later 

(2)  Analyzing  Comprtsslon  Tost 
Roadlngs 

(a)  Ono  low  cyllndor 

1  Burnod  Valvo  -  Popping 
at  oxhaust  or  carb 


3ABR47330-WB-402 
-SG-402 
-SG-402A 


t 
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Blow  by  - 

3  Ring  gaps  lined  up. 
.  Blow  by 

4  Blown  Head  gasket 

a  To  outside  -  his- 
sing nolst 


b  To  water  Jacket  - 
bubbles  In  coolant, 
uso  radiator  prasm 

tests  .  ^ 

5  Holt  In  Piston  -  Blow  by 

(b)  All  low  cylinders  Is 
gtntrally  wtar  -  Blow  by 

(c)  Two  Vow  cyl1ndorsr  (adja- 
cent >  usually  blown  hoad 
gasket 

(3)  Wat  compression  test  will  show  • 
whtthor  low  readings  art  causad 
by  worn  rings  dtfactlvo 
valvas. 

(4)  High  compression  -  Carbon 
build  up  1n  combustion 
chamber 


(5)  Cylinder  Ltakaga  Tast 


(a)  *Urf om  IAW  tester 
Mfg.  Instr. 

(b)  Readings-  should  be  compara- 
tively tvan  and  lass  that 

20S. 

(c)  Listen  in  cerb,  exhaust 
pipe  -  valves 

(d)  High  leakage  In.  adjacent 
cylinders  -  heed  gasket 

(a)  Bubbles  In  radiator  -  leak 
to  cooling  systan 

l;l  Hlssijg  o«t  oil  filler  cap  - 
«5k  Into  crankcasa 


(6)  Valve  Adjustment  Only  perform  when  engine 
,  t                                       wtIT  not  start  tnd  1d1t 

(a)  Cold  adjustinent 
using  valve  ovaries 
method 

1  To  place  any  cylinder 

*  on  T.O.C.  compression, 

•pi act  Its  companion  cyl- 
Indar  in  tha  overlap 

position 

2  Prefer  adjusting  1n 
tha  sequence  of  firing 
ordar 

3  Always  hold  adjuster 
while  tightening  lock 

nut 

(b)  Hot  Valva  Adjustment 

1  Engine  must  ba  normalized 
and  Idle  slow  as  posslbla 

2  Hachanlcal  Valva  Llftars 
Usa  go-no-go  method; 
propar  gauga  wilt  go, 
.004  oversize  No.  6o 

3  Hydraulic  Uftars  - 
zero  lash  (Mfg.  spacs) 

4  Valvas  adjustad  too 
loosa;  noisy  operation, 
and  worn  valva  stasis. 

5  Valvas  adjustad  too 
tight;  loss  of  powar  and 
burnad  valvas. 

(7)  Vacuum  Tasts  -  parform  LAW  Tastar 
mfg.  Instructions  to  aid  1n  deter- 
mining machanlcal  condition  of  tha 
angina 

Support  Systems 

U)  Lubrication 

(a)  011  level  and  condition 

1  Dirty  oll-Changa 

♦ 

.54 


3/ 


2  art*?  colored  oil  -  voter 

m 

3  Clttr  bubbles  1n  o14  -  Fuel 

\ 

4  Foamy  -  Wrong  grade  or  over- 
~  filled 

(b)  Leaks  -  Tighten  or  replace  gas- 
ktt 

(c)  Filter 

(d)  Pressure,  hook  manual  gauge 
to  output*  $1  do  of  pump 

(e)  Low  oil  prossuro  -  worn  angina 
bearings,  bad  oil  pump,  pros- 
sura  rail at  valva  stuck  opon. 

(f)  High  oil  prossuro,  Prossuro 
roll of  valva  stuck  closod 

(2)  Cooling  System 

(a)  For  ovarhaatlng  or  boiling 
condition,  chock: 

1  Coolant  lavol  and  coraH- 
"  tlon 

2  Fan  bolt 

3,  Ltaks  and  clamps,  chock 
~  hot  and  undor  prossuro  - 
usa  prassura  tester. 

4  Prassura  cap,  ralsos 

~  boiling  point  of  coolant 

5  Ant1-froozo  content 
~  of  coolant 

/ 

£  Manifold  haat  control  valva 

* 

(b)  Slow  warm,  up  -  chock  themes  tit 

(c)  Vacuum  Valvo  provonts  vac- 
uum build  up  In  radiator 
whan  coolant  contracts. 

(3)  Pos1t1va  Crankcasa  Vant1lat1ng 


Dyno  book.  p.  5-22 


55 


Removes  blowby^apors  from 
the  crankcasa 


ERIC 


(b)  Prevents  condensation  I 
•  sludge  formation 

.(c)  .Opes  and  CI  sod  typts 

(d)  P.C.V.  Waive  controls 
vapors  Into  Intake 
manifold 

(a/  Tast  Valva  I AM  Mfg.  spocs 

if)  Raplaca  valva  when 
racowuandod 


v 


-Raf:   Para  a.  Part  1 
i.    Fuel  System 
(1)   Fuel  Pump 


(a)  Voluna  test  -  perform 

if  high  -  spaed  performanca 
Is  poor  and  lack  of  fuel  at 
carb.   Best  overall  test 

(b)  Prassure  test  -  Important 
for  high  speed.  Tests 
spring  pressure 

(c)  Vacuum  test  -  parform 
1f  volume  or  pressure 

1s  low  -  Tests  diaphragm 


(Z)  Carburator 

(a)  Float  leval  -  vary  Import- 
ant to  performance  and  fual 
economy 

(b)  Chokt  operation 

(c)  Idle  A/F  mixturt  -  only 
I AH  with  Mfg.  specs. 

(3)  r  Evaporatlva  Control  System 

(a)  Control  fual  vapors 
from  tank 

(b)  Carbon  Canister 

(c)  Vacuum  Unas 


Check  only  If  rich  AFR  at  1dl 


(13) 


o 


5(i 


APPLICATION;  ' 

  m 

I.   Ref :   Para  a.  Part  1.  TRAINERS: 

60-2761  Engine  £M  6  cyl. 

60-  2759  Englnt  IHC  6  cyl. 
\61-278i  Englnt  Chtvy  6  cyl . 

61-  2800  Englnt  Valiant  6  cyl . 
61-2785  Englnt  Ford  V-8 

TO  36A2-4-4-2 
TO. 3306-34-1 
TO  3306-3-16-1 
TO  36A2-2- 1-122 
TO  36A2-3-12-2  ^ 
'  70  36A2-4-22-2 

TO  36A2-66-2 
Gauges,  Hand  Tools, 
Spocial  Hand  Tools, 
Englnt  Analyztrs , 
Distributor  advanct 
Tasttr 

Allow  students  to  replace  all  defective  parts  on  engines. 

EVALUATION: 

1.   The  quizzes  for  the  two  days  will  be 
given  and  reviewed  for  any  weak  areas. 
These  quizzes  will  be  in  addition  to 
daily  quizzes  and  questions  as  the 
need  arises. 

t 

CONCLUSION  Hrs  Hin 

SUMMARY  AND  REMOTIVATION: 

1     Briefly  cover  the  material  of  the  last  two  days,  emphasizing  the  main  points 
that  are  as  fallows: 

,  a.   The  electrical  .system  consists  of  many  sub-assemblies  that  art  tied  1n 
to  each  other.   If  one  dots  not  function  properly,  it  wlfl  affect  the 
'rest  of  the  electrical  system,  as  well  as  the  other  engine  systems, 
example:   1f  the  battery  1s  not  fully  charged,  an  accurate  compression 
test  cannot  be  made.   And  I  am  certain  that  you  could  think  of  many 
more  examples  1f  time  ptrmltttd. 

.  b.   The  fuel/a1r system  1s  a  member  of  the  triangle  and  Its  function  1s 
.to  deliver  fuel  and  air  1n  the  exact  quantities  to  the  combustion 

chamber. 

c.   The  mechanical  system  Is  also  needed  to  help  make  the  engine  run  and 
compression  within  manufacturer's  specifications  1s  Imperative  for  an 


efficient  operating  engine. 
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4.  Thtrt  art  also  support  system  that  art  Jost  as  important  as  any  of  ' 
tha  aforementioned  systems.  These  art  as  follow*: 

(!)  The  lubrication  systan it  used  to  raJysa  friction  and  tha  amis- 
penying  wear  to  tna  moving  engine  pares  ana  accessories.' 

U)  Tha  cooling  system  1s  also  a  vary  ienortent  support  systan. 
Without  1t»  tha  mechanical-  systan  could  riot  function  vary  .long. 
It  takes  the*  heat  away  fro*  tha  combustion  chamber,  as  wait  as 


tha  othar  moving  parts  of  tha  angina.  Remember  that  tha  temp- 
era tura  undar  tha  hood  outs Ida  of  tha  anal no  sonatinas  reaches 
300-400  dagreas  F.  so  a  hard  working  cooling  systan'  4s  a  nec- 
essity. 

2.   You  now  hava  usad  scientific  nathods  of  angina  tune-up.  NoW  you  should 
ba  able  to  apply  your  abilities  for  tha  USAF  as  wall  as  for  parsonal 
gain.  Tha  sooner  you  ara  abla  to  demonstrate  to  your  Immediate  suparlors 
how  wall  you  perform  your  assigned  duties*  tha  soonar  you  will  receive 
monetary  Increases  through  pronations*  This  applies  whether  you  stay  1n  ' 
the  Air  Force  or  return  to  civilian  life.  No  one  can  take  away  your  knowl- 
edge!  It  has  been  freely  given,  so  do  not  be  afraid  to  pass  It  on  to 
someone  less  fortunate  than  you,  scnaona  not  attending  a  fomal  technical 
school. 

s 

f 

USE  ORAL  QUESTIONS  TO  DETERMINE  WEAK  AREAS. 

What  will  you  see  at  the  oil  filler  cap -If  the  rings  are  excessively 
worn?  Open  Systan?  • 

Blowby. 

Burned  valves  can  be  detected  by  listening  In  which  area(s)  while 
the  engine  1s  running? 

*  ' '  >  -  . 
Tall  pipe  &  carburetor. 

4hat  will  result  when  valves  are  left^ad^usted  too  tightly? 
Loss  of  power,  burned  values.  ^ 

Where 'do  you  connect  a  gauge  to  check  oil  pressure? 

Main  oil  gallery.  « 

What  would  you  check  1f  tha  engine  took  too  long  to  warm  up? 
Thermostat. 


1. 

A. 

2. 

Q. 

A. 

3.. 

A. 

4. 

A. 

5. 

Q. 

# 

A. 

6. 

Q. 

* 


pressure  and  sludge? 
«      A.   PCV  system. 

'ASSIGNMENT  AND  CLOSURE : 

■W.  "' 

1.   Tne  next  lesson  will  cover  tune-up  and  troubleshooting  all  systems  of 

(15)  - 

^  ,  58 


•  N 


tht  entlrt 


as  follows: 


engine*  using  Diagnostic  Ttst  Equipment  such  as:  Tht  chassis 
».  and  Simpson  Engine  Analyw.  S^rtfort  your  assignment 1s 


CTT  POI  Para  3a,  b,  c,  d. 

Read  and  study  PT  403,  and  WB-403.   to  prepared  to  answer  questions 
concerning  tht  components  and  operation  of  tht  chassis  dynamometer  and 
tht  Simpson  Englnt  Analyzer,  Its  components  and  optratlon.  Also  study 
Chapters  4-5-6 ,  and  tht  chart  on  tht  back  page  of  dynamometer''' Operator 
Training  Handbook.   00  HOT  MAKE  ANY  MRR  INTHESE  BOOKS!    I  REPEAT-- 
00  MOT  MAKE  ANY  MARKS  IN  THESE  BOOKS!   Answer  tht  questions  at  the  end 
of  tach'chapter  on  a  stparatt  sheet  of  paper  and  turn  It  In  tomorrow. 
Please  put  your  nam,  class  number  and  tomorrow's  date  at  tht  top  of 
tht  first  pagt.   Read  pages  64,  65  A  79-94  of  TO  3306-3-4-1. 
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•  » •  •  >«ovai  orrtct  and  oati 


ccg^st  House M 


iM*T*ueroA 


General  Purpose  Vehicle 


I  r/  ■  t Tune-up  and  Troubleshooting  ,  i 

Vc$^T,Tut:.me-up  and  Troubleshooting  engine  rceenan^cai,  PWIT  ignition,  , 
I  '.nci-Ponution.  and  Emission  Control  Systems  Using  Diagnostic  Test  Sqwlp . 

! " *"  '^ioom  /Laboratory         4  LA»oiiATowJJEoS!ffxeRenwury    I  totac 


Part  1 


«^v»o35 /Lab oratory         \  •* 
'  *  Hr/Perf  11.5  hrj 


1 


ompxementary 
6  hrs 


2^  hrs 


»ACt  0*T1 


STVCTJ  tt>  CMMC 


PAftAOftAPM 

3 


•.3C»»                                                                            .  j 

OAT«          •                                                             •  ' 

3  Sep  >197^ .                     ■    .  v' 

SIGN  A  TUNC 

pATt  / 

OAT.f 

■  V 

 y  , 

•  '  ■ '  : 

.      ■           '•    k  

MeCLAJS  MfPAHATION 


* 


COlllPMCNT  LOC 
IM  UAaORATOff 

.iTaineridu-*  /M 

40-2^9 

3.  "  £1-27 
J*.        -      41-2  800 

5.     •         '.1-2  785. 

4.  Vari  ous  '/chicles 
" .  vpch.inic  •  n  Conmoh 
Kan<1  tool?  (  over) 


tOUIMICMT 


CLAttirttO  MATCMAk 


•«A#tMC  AIM  A  HO 


1.3ABW  „ 
2 . 3ABR^7330-W?-^0 
3. TO  33D6r3-10-l 
&.T0  33D6-3-l^-l 

5.  TO  33D6-3-  6-1' 

6.  TO  36A2-4-20-2 

7.  TO  36A2-2-13-2 

8.  T^  36A1-3-B-2 
<|  over ) 


None 


None 


r   CWlTgWIQN  OSJteCTIVtS  AMD  TfcAOjtMft  ITlPt  ., 

ivon  'cols,  vehicle,  chassis  dynamometer,  tus,  and  practicing  auto- 


»otw'«  pprnonnei  and  equipment  shop  safety,  use  visual,  auditory,  opera- 
tional -neans,  and  test,  equipment  to  check  mechanical,  ignition,  and  fuel 

-air  svste-F  TAV/  T#.  . 

■(■.".  *  * 

Given  fools,  enjylne  trainer ,.  engine  ahalfzer^  TOs^  and  practicin^al 
nnfety  precautions,  <ise  visual,  auditory,  operational  means,  and  test 
eqwjrm^h*  fcn  check  mechanical,  ignition,,  and  fuel-air  systems  IAW  Tt. 

c      Given  wor.k  hook*  arid  engine  trainers^  determine  procedures  for  in- 
spe"  ti  on.      in  tenancy  ,'^arid  repair  of  ah ti -pollution  and  enimission  contro. 
.->■  stems' .  follow  procedures  outlined  in  workbook.  *  +' 
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-  Dynamometer 
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INTRODUCTION 


20  M1n 


Attention  ami  Motivation:   Ust  a  statement  concerning  the  1  ogal  ^  1 1  - 
gatUM  the  mac  nan  ir  has  to  'the  public  Ifr  ^e>  ■.■pw^ir,  tifvlcm  ttf  eml  s 
sion  control  systems.   Read  the  last  paragraph  on  page  24  of  SG  402. 
Not  only  does  the  mechanic  have  a  legal  obligation  to  service  emission 
controls  according  to  Mfg.  Instructions  but  all  motorists  "have  an  obli- 
gation to  keep  their  cars  running  clean  lest  they  Infringe  on  others 
rights  to  breathe. 

Review:    So  far  in  this  block  we  have  learned  how  to  troubleshoot  the 
electrical  fuel  and  mechanical  system  without  test  equipment  then  we 
used  test  equipment  to  ,f1ne-tuge  the  engine.   Review  a  grade  outside 
assignment.    Reteach  as  needed. 

Overview:   Before  one  begins  to  tune  a  modern  engine  he  must  under- 
stand how  this  will  affect  the  operation  of  the  engine.   He  should 
realize  that  any  time  he  makes  an  adjustment  on, the  Ignition  or  carb- 
uretor system  he -is  going  to  affect  the  output  of  polluting  gasses 
from  that  engine.   We  are  going  to 'learn  today  *hat  1s  meant  by  auto- 
mobile pollution,  how  the  pollution  control  systems  work  and  how  per- 
forming a  tune-up  correctly  will  ensure  that  the  pollution  output  from 
an  engine  is  kept  within  allowable  limits. 


BODY 
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1.    Ref.    Para  c,  Part  1 

a.  .Discuss  the  purpose* of  engine 
emission  devices. and  the  Import- 
ance of  proper  inspection,  main^ 
tenance  ,and  repair  procedures. 

(1)  Smog  -  define 

(2)  Types  of  Smog 

(a)  London  -  Industry 

(b)  LA  -  Automobile 

(3)  Pollutants  expelled  from  the 
automobile  (40-60*  of* all 
pollution) 

(a)   Carbon  Monoxide  93%  of  . 
all  pollution  CO.  r 

. 1  Result  of  combustion 
with  too  little  air 

«  # 

2   Reduces* body's  ability 
.to  cfr^yoxygen  in 
blood  ^ 


Use  SG  402  &  402A 
Show  Emission  Control 
Slides  - 


Contained  In*  exhaust 


ERJC 


Co 


y  * 


chamber  gets  cooler 


4  Reduced  by  leener  AFK 
(won  air)  and  longer 
burning  <1mt  (timing) 

5  Engine  Modification* 

(b)  Hydrocarbons .63%  of  all 
pollution.  HC 

1  Hirmful  when,  trapped 
under  "inversion  layer" 
and  reacted  on  up  1n  by 
the  sun:   "Photo  chemical 

'smog."  .Aided  by  moist 
.  air  or  high  humidity 
"LA  type"  smog.  t 

2  Unbumed  gasoline 

T  *         ""V.  *  'r- 
■   3  Exhaust  Hydrocarbons. 
gesuTt  from  Incomplete 
combustion:  1n  engine  55% 
of  hydro  carbons 

*  '  # 

a   Ingition  miss 
£  Compression  loss 
c  Low  operating  temp. 

4  25%  of  hydrocarbons  are 
emitted  from  crankcase 
blowby. 

5  20%  of  hydrocarbons  are 
emitted  from  fuel  (tank 
&  carb.) 

(c)  Nitrogen  oxide  -  50%  of  all 
■  pollution  NO* 

r  1 

J,  Increase  as  engine  temp. 
.  Increases 

2  -  Combines  with  HC  to  pro- 

duce Photochemical  Smog 

3  Controlled  by  modified 
-  engine  and  Ignition 


Emphasize  Importance  of 
tune-ops. 


"quench  area?  Fig.  5 
Inversion  layer  -  cold 
air  neld  under  warm  air. 
Ozone  1s  also  photo-cheml 


Emphasize 'Importance  of 
tune-ups.  Unturned  engine 
Increases  hydro-carbon  5X 
or  more. 


Fig  6   SG  402 


When  -CO  and  HC  go  down,  NOx 
goes  up  I  vice  versa 


Retarded  Timing 


(2) 
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(d)  Particulates  9%  of  til 

pollution 

1  lead  it  consl dared  possibly 
dangerous  to  human  11ft 

V  • 

2  lead  coats  the  Internal 
parts  of  any  system  that 
catalytleaTly  reduces 
exhaust  pollution. 

(a)  Sulphur  01 ox1 da  -  vary  snail 
amount,  5%  of  total  emitted. 
Mixes  with  moisture  to  pro- 
duce sulphuric  acid.  Damaging 
to  plants,  humans  t  property* 


(f )  Asbestos  fibers  In  brake 
Urilngs  and  clutch  discs. 
Not  proven  but  under  study. 

b.   01s cuss  the  operation  of  Vehicle  Emission 
Control  Devices 

(1)   Positive  Crankcase  Ventilation        Fig.  8  SG  402 

'       closed  system 

(a)  Purpose  -  To  remove 
crankcase  blowby  vapors 
from  the  engine  thereby 
preventing  condensation  to  % 
form  sludge,  and  route  the 
vapors  to  the  Intake  mani- 
fold and  engine  to  be 

burned  thereby  preventing 
hydrocarbon  contamination 
of  the  atmosphere. 

* 

(b)  Operation  - 

1  Fresh  air  1s  drawn  Into 
"air  cleanter  and  routed 

to  valve  cover. 

2  Fresh  air  mixes  with 
crankcase  vapor  and 
leaves  by  the  hose 
connected  between 
the  rocker  arm  V 
cover  and  Intake 
manifold. 

3  FCV  valve  controls  flow 

of  vapors  from 
crankcase  to  Intake 
manifold. 

>  (3)  Gd 


m 


Mfllfflld  V16UMB  tit 

Idle)  draws  the  velvt  to 
the  manifold  end  of  tht 
housing  restricting 
flow  of  crankcasa  vapors. 

When  vacuum  1s  decrease?' 
as  the  thro tt la  1s  opened 
tha  spring  overcomes 
vacuum  and  mover  tha  valva 
toward  tha  crankcasa  and 
of  tha  housing,  allowing 
mora  vapors  to  flow. 

If  tha  valva  1s  stuck 
open  excessive  vapors  will 
ba  allowad  to  an  tar  tha 
Intake  manifold  at  1d1a 
causing  poor  1d>a.  No 
affactton  high  spaad 
optra t1 on. 

If  tha  valva  1s  stuck 
closad  or  pluggad  thara 
will  ba  a- lack  of  crank- 
casa ventilation  causing 
axcasslva  crankcasa  pres- 
sura  and  oil  con tam1 nation. 


(c)  Tasting 

1  Test  1n  accordance  with 
~  manufacturer's  Instruc- 
tions 

2  Use  canmerdaily  sold 
PCV  system  taster. 

3  Alternate  test  -  Plug 
PCV  hose.  A  reduction 
in  engine  RPH  should 

occur. 

(d)  Servicing 

»  • 

1  Clear  valve  and  filters 

"~  or  replace  as  required  cc 
by  manufacturer  °° 

2  Inspect,  clean  and 
replace  1f  required 
hoses »  tubes,  and 

fittings. 


(4) 


(2)   EXHAUST  EMISSION  CONTROL 
U)  Mr  Injection 

1  Purpose  -  directs  • 
stream  of  fresh  sir 
Into  tht  txhiust 
manifold.  This  stlrau- 
1 ate*  f urthtr  burning 
of  (hydrogen)  thus 
reducing  HC  and  CO. 

2  Components 

a  A1r  Pump  -  bolt 
~  drivtn 

b  A1r  man J fold  for 
each  ho ad  t 

c  Chock"  valvo 

d  Dlverter  Valve  -  "Gulp/'by  pass-  or  "Dump' 

"  valvo 

e  Connecting  hoses. 

3  Operation 

a  The  pump  delivers 
compressed  air  through 
the  air  manifold  to  the 
exhaust  manifold  where 
It  mixes  with  the  exhaust. 

b  This  mixture  Ignites  and 
burns  here  rather  than 
passing  out  the  exhaust 
p1p«- 

c  The  check  valve  prevents 
«xhaust  gasses  from  enter. 
1ng  the  pump. 

d  The  dlverter  valve  1s  con-  , 
nected  to  Intake  manifold 
vacuum  and  controls  the 
direction  of  a1r  flow 
from  the  pump.  During 
deceleration  the 
valve  prevents  fresh 
air  from  entering  the 
exhaust  manifold,  thus 
preventing  backfire. 

* 

(5) 

So 


'  J 

a  If  backfiring  occurs ♦  . 
chtck  tht  dlvtrttr  v«1v«, 
1  taking  air  manifold;  » 
Ignition  tinting ,  or  •  '  ' 

air/fuel  ratio 

b  If  -amission*  art  above 
standards  chtck  eng- 
1nt  tune-up  btfort  tht 
'  AIR  systtti.  Then  ptr- 
form  dtUlltd  chtck  of 
entire  AIR  system  IAW 
Mfg.  recopmendatlons. 

5  Namts  used  by  Manufacturers 

a  GM  -  AIR  -  A1r  Injector 
~  Reactor 

b   Ford  -  Thermactor 

♦ 

c  Am.  Mtrs.  -Air  Guard  ♦ 

d   Chrysl tr  -  limited  ust 
~  until  1975 

(b)   Engine  Modification  (Combustion  ( 
Contiyl) 

\    Ignition  Timing 

a  Generally  more  retarded  at  -  Wider  throttle  F1g.  29 
~  idle  and  stays  retarded  SG  402 

<?  until  higher  speeds. 

b   Cornncnly  used  controls 


/ 

4 


ERIC  more. complete  com* 


(1)  Thermostatic  Vacuum 
Switch  (GM)  - 
Amerces  timing  at 
Idle  whtn  engine 
becomes  hot  from  ' 
retarded  timing. 
Located  In  engine 

coolant  jacket  ntar  g7 
ne?r  front  of  en- 
gine. 

(2)  Vacuum  advance 
Valve  *  provides  .  , 
vacuum  to  distri- 
butor during  de- 
cell  eratlon  for 

T 


/ 


(3>  Transmission  Con-        Reduces  NOx 
trolled  Sperk  - 

gO key  tmm 
retarded until 
transmission  1s 

placed  1n  high  gear  (NOx  Control  System  Chrys) 
(TRS  FORD) 

(4)  Temperature  Switch  - 
allows  timing  to  ad- 
vance when  angina 


(5)  Vacuum  advance 
solenoid  -  Valve 
which  controls 
vacuum  to  the 
advance  unit 

on  the  distribu- 
tor and  Is  con- 
trolled electric- 
ally by  temperatun 
and  the  transmis- 
sion. 

(6)  Spaed  Controlled 
Spark  -  (SM)  A 
speed  sensor  con- 
trols a  vacuum 
valve  which  pre- 
vents timing  adv- 
ance until  approx. 
35  mph.  and  re- 
tards timing  on 
deceleration 
below  approx. 

25  mph.  (ESC 
FORD) 

(7)  Dual  Controlled 
Vacuum  Advance 
(GM  FORO)  Allows 
vacuum  to  retard 
timing  at  Idle 
and  advance  tim- 
ing above  idle 
and  during  over- 
heat conditions 

(8)  Distributor  Retard 

solenoid  -  Retards 

Timing  during  Idle 

and  deceleration. 

Solenoid  on  dlstri 
butor  Is  grounded 


is  cold 


.All  work  together 


(9)  Distributor  Ad 
vance  Soltnold  - 
(Chryi)  Provides 
7*8  degrees  of 
spark  advanca 
during  starting. 
Activated  by 
starter  relay. 

(10)  Hechanical  Adv- 
ance (All)  occurs 
at  higher  speed 

(11)  Orifice  Spark 
Advance  Control  - 
OSAC  (Chrys) 
Delays  vacuum 
to  advance  for  17 
seconds  when  going 
from  idle  to  part 
throttle  above  60°F. 
For  control  of  No* 

2  Distributors  -  electronic 
ignition  is  being  used  to 

.   prevent  deteriorating 
breaker  points  and  chang- 
ing timing. 

3  Carburet!  on 

a  Carburetors  designed 
and  calibrated  to 
provide  a  leaner  A1r/ * 

Fuel  r*t!o 

b   idle  mixture  Umiter 
caps 

c  Strict  adjustment  pro- 
cedures 

d  .Internal  Idle  fuel  limit- 
ing orifice 

e  Idle  stop  solenoid  -  pre- 
vents diesellng 

(1)  Er.erglzed  when  tgM-  69 
tion  switch  turned  "on" 

(2)  idle  sptfid  adjusted  by 
turning  plunger  in  or 
out 


(3)  With  ignition 
switch  off* 
p  range  contracts 
and  throttlt 
lever  strikes 
throttle  stop 
screw 

(4)  Perform  two  ad- 
justments -  one 
with  solenoid 
energized,  one 
with  solenoid 
I AW  Mfg.  specs. 

Some  throttle  sole- 
noids slow  the  clos- 
ing of  the  throttle 
on  deceleration 
preventing  an  exces- 
sively rich  mixture. 

*  * 

Carburetor  A1r  Temp- 
erature Control  - 
provides  warm  Intake 
air  to  carburetor 
when  under  1tood  af  r 
temperature  ts^ewer 
than  lOOX  to  provide 
better  vaporization 
and  leaner  mixtures. 

{I)   Usual ly  vacuum 
~*.  operated 

(2)  A1r  valve  should 
be  closed  when 
cold 

(3)  Warm  air  passing 
exhaust  manifold 
enters  the  air 
cleaner  to  sig- 
nal the  tempera- 
ture  sensor  to 
open  the  air  door 
In  the  snorkel*  to 
under  hood  air. 

Hotter  thermostats  are 

used  to provide  more 

complete  combustion. 

In  addition /higher'  radi 
ator . pressure  caps  are 

used "to  prevent  oyer 
boiling 

(9); 


5  Compression  Ratios  - 
Lowered  to  allow  ust  of 


loss  boat  during 
Ignition  reduces  N0X 


low  lead  fuel  and  nore 

controlled  combustion. 

6  Exhaust  Gas  Recirculation 
(EGR)  -  Meter  small 
amounts  of  exhaust  gas 
Into  the  Int-ke  manifold 

which  lowers  combustion  * 
temperature,  lower  forma- 
ot  fox.   Exhaust  flow 
could  be  regulated  by 
a  fixed  orifice  or  vacuum 
controlled  valve.  More 
vacuum  1s  applied  to 
valve  when  throttle  1s 
opened.   Cold  Tempera- 
ture may  delay  opening 
of  EGR  valve  through  a 
temperature  sensitive 
vacuum  valve. 

7  Catalytic  Converter  -  A 
small  stainless  steel 
muffler  that  has  a  cera- 
mic honeycomb  -  like 
core  coated  with  plati- 
num and  palladium. 

.  These  metals  stimulate 
a  chemical  reaction 
that  converts  carbon* 
monoxide,  and  hydro- 
carbons Into  harmless 
carbon  epoxide  an&iwater 
vapor.  \ 

a  Must  use  unleadedjgasoHne  Nozzle  ft  tank 

b  Sometimes  used  with  air 
pump  \ 

c  Radiate  excessive  heat 


(3)   Evaporative  Emission  Control 

(a)  Purpose  -  To  prevent  fuel  vapors 
from  entering  the  atmosphere 
from  the  fuel  tank  and  carburetor 

(b)  Components 


d 


Expensive 
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1  Sealed  fuel  tank  vented 
"  to  a  vapor  separator 

2  Charcoal  vapor  storing       89  1 
canister 

3.  Non- vented  filler  cap 

4  Overfill  11 miter  tank 

5  Sealed  carburetor  vents 
€  Hoses  -  fuel  resistant 

(c)  Operation 

1.  Vapors  from  the  fuel  tank 
collect  1n  the  vapor  separator 

2  Some  valors  condense  and  the 
liquid  fuel  returns  to  the 

vtank. 

2,  Remaining  vapors  are  carried 
through  a  line  to  the  carbon 
cannlster  1n  the  engine  com- 
partment and  stored 

4  During  engine  operation  the 
fuel  vapors  are  drawn  from  the 
canister  to  the  Intake  manifold 
and  burned. 

5  k Non- vented  filler  cap  releases 

only  under  pressure  of  H-l"  or 

vacuum  of  V1M- 

6  Overfill  Hmfter -tank  -  fills 
and  empties  slowly  and  allows 
room  for  fuel  expansion  after 

f1ll-up. 


APPLICATION:    Para  c,  Part  1 


(id 
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TRAINERS 
6l-2785-Eng1ne  Ford  V-8  ' 
60-2761-Englne  CMC  6  cyl. 

60-  2759-Eng1ne  IHC  6  cyl. 

61-  2781-Ehg1ne  Chevy  6  cyl . 
6l-2800-Eng1ne  Valiant  6  cyl. 
Mechanics  common  hand  tools 
Vehicles 

TO's 

36A2-3-8-2  '68  Ford 
J6AZ-2-1-122  IHC  v 
36A2-3-12-2  Ford  289  Eng. 


36ftfr^22*2  Qitvy  2W  Eng. 
36A2-5-6-2  Chrysler  slant  6 
36A2-4-17-2  '67  Chevy  Shop 

Manual 

END  OF  DAY  SUMMARY 

k 

SUMMARY: 

1.   We  have  discussed  the  three  major  pollutants  expelled  from  the  automobile- 
CO,  HC,  I  NOx.   CO  and  N0X  are  emitted  from  exhaust  and  HC  1s  emitted  from 
the  crankcase,  exhaust  and  fuel  tank.  •  Alt  three  are  a  danoer  to  our  health 
and  environment.   Exhaust  emissions  are  controlled  by  air  Injection,  revised 
timing  and  carburetlon,  hotter  thermostats,  lower  compression,  EGR,  and  the 
catalytic  converter.   Evaporative  emissions  are  controlled  by  preventing  the 
fuel  system  from  venting,  into  the  atawspfire.  Crankcase  emissions  are  con- 
trolled by  using  the  EC7  system.   Understanding  how  this  is  done  and  the 
'  effects  of  an  improperly  tuned  engine  will  help  tis  realize  the  Importance 
of  our  job  when  we  are  performing  a  tune-up.  laws  are  In  effect  for  those  - 
who  cannot  understand  why  we  have  amission  control  systems  and  must  keep 
them  maintained.   Those  concerned  about  the  environment  and  the  air  they 
breathe  need  no  laws.  v 

USE  ORAL  QUESTIONS  TO  pETERMINE  AREAS  TO  BE  RETAUGHT 

1.  Q.   Name  the  three  major  pollutant  gasses. 

A.    1.  Carbon  Monoxide  2.  Hydro  carbons  3.  N.1trous  prides.  * 

2.  Q.   Does  the  automobile  produce  "London  type"  of  "A  type"  smog? 

A.    "LA  type." 

i 

3.  Q.   Briefly  explain  the  operation  of  the  air  Injection  system. 

A.   Fresh  air  1s  pumped  Into  the  oxhaust  system  .to  combine  with  the  hot 
exhaust  gasses  and  produce  a  harmless  emission  from  the  tall  pipe. 

4.  Q.   Name  some  conmon  engine  modifications  use*  to  control  emissions . 

A.  Revised  ignition  timing  a  carburetor  calibration,  carburetor  alj  tempera- 
ture control,  hotter  converter.  Lower  compression  ratios,  EGR,  Catalytic 
converter. 

5.  Q.   Which  prevents  dlesellng  when  the  engine  Is  turned  off?  v 
A.    Electrically  controlled  throttle  solenoid.  \ 

ASSIGNMENT:    CTT  POI  Para  3A  2  Hrs 

1.   The  assignment  for  tomorrow  Is:   Study  PT  403  I  MB  403  and  Chapter  2  1n  the 
.Dynamometer  Operator  Training  Handbook  and  answer  all  questions  at  the  end 
of  the  chapter  on  tablet  paper. 

'  .  '  ;  ?3 

(12)  '  v 

♦ 
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INTRODUCTION  TO  NEW  DAY'S  WORK 


J 


1.  Attention  tfnd  Motivation:   Usin^  a  startling  statement,  a  rhetorical 
question,  or  personal  expeYlence,  -alert  the  students  to  the  feet  that 
this  lesson  wilt  stand  them  1n  good  stead  someday^- in  the' Military  shop/ 
on  their  own  automobile,  or  in  a' commercial  establishment  for  monetary 
gain.   Possibly  1t  could  help  them  to  supplement  their  Income  during 
their  stay  1n  the  A1r  Force. 

2.  Review:   In  the  previous  lesson,  you  have  used  certain  types  of  stlentlflc 
test  equipment  such  as  the  Sun  Universal  Diagnostic  Test  Equipment,  to 
analyze  and  correct  engine  malfunctions.   You  have. seen  thet  for  every 
action  of  the  engine,  there  was  a  reaction  by  thevtest  equipment  you  were 
using  at  the  time.   Evaluate^ preparatiofi^for  today's  lesson. 


Stress  SAFETY ! 

3A8R47330-PT-403  /  \ 

Clayton  Chassis  Dyno  Hand  Book 
TO  3306-3-10-1 


3.   Overview:    In  the  following  three  days,  you  will  become  familiar  with  even 
more  sensitive  and  intricate  test  equipment.   The  Chassis  Dynamometer  and 
the  Simpson  Engine  Analyzer.  These  pieces  of  test  equipment  can  be  used 
together,  or  separately  as  required.   As  the  name  Implies,  the  chassis 
dynamometer  wl.11  not  only  analyze  the  engine,  but  the  power  train  asrwell. 

PRESENTATION: 

1.   Ref:   Para  a,  Part  1 

i 

"a.    Dynamometer  functions 

(1)  Designed  to  simulate  all 
road  conditions 

w 

/(a)   Full  throttle,  low 
speed  (heavy  load) 

(b)  Full  throttle,  high 
speed  (partial  load) 

(c)  Rapid  acceleration 

(d)  Part  throttle  (light 
-  loads) 

(e)  Coasting  conditions 

(f)  Power  train  testing 

(2)  Dynamometer  components 
(a)  Rollers 

(1)   Drive  roller 


!  # 


with  flywhee\  engaged 

with  windows  c^MW 

\  * 

List  on  chelkboard 
Chert:   CAF8  74>43 

Dynamometer  schematic 


9 
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a  Driven  by  rev  . 
,\    ~  wheels  of  'vehicle 
*  being  tested 


33W-3-\0-l 


b  -  OptratM  rotoi* 
In  pmwr  absorp- 
tion 


■J 


ERIC 


(b)  "Idle-  rotor 

1  Also  drlvto  by  rear 
wheels  Of  vehicle 
being  tested 

2  Drives  tachometer 
generator  by  "O" 
ring  typo  bolt 

(3)  Power  absorption  unit 

,    (a)  WatorWilJiod 

(b)   Rotor  Has  vanos  which 
are  forced  through 
jwater 


(c)  Stator^Ho  has  vanos, 
but  $hey  opposo  viator  move- 

croatod  by  rotor 

(d)  /  Acts  as  wator  brake 

1.  More  power  required 
whejunpre  water  1s 

mm 

(4)  Heat  exchanger  0 

(a)  Heated  wator  from  the 
power  absorption  unit 
passes  thru  a  tube 
which  1s  surrounded 
by  cool,  water 

(5)  Solenoids 

(a)  Allow  water  to  load  or 

unload  pct"?r  absorption 
unit 

(6)  Torque  bridge 

(a)   Variable  resistor  that 
is  operated  by.  the  power 
absorption  unit  thru 
nr#«*iir»  nn  toroue  am 


Check  "0"  ring  occasionally! 


NOTE:  This  unit  Mist  remain 


WARNING: 


cool  enough  to  touch  at 
all  t1r-T 


Chart:   CAFB  63-15 

Water  and  Coolant  Schematic 


Operate  on  UOV  A.C. 
Controlled  by  Operator 
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Current  1s  received  from  tacho- 


(b)  Reel  eves  signal  from  tacto- 
meter gtntrator  and  allows 
rtstrlctod  currott^flow  to 
power  meter  ^ 

(7)  TachOMttr  gtntrator 

(a)  Provides  tltctrlcal  power 
to  spttd  and  power  mtttr 

(8)  Flywheel  ■ 


Dynamometer  cabinet  ^ 
(l)   Instrument  panel 

(a)  Speed  meter 

X   Indicates  vehicle 
speed 

(b)  Power  meter 

1   Indicated  road  horse- 
power delivered  to 
vehicle, rear  wheels 


(c)  Dwell  meter 

I  Indicates  degrees  <t/ 
dwell  of  vehicle 
Ignition  points 

(d)  Exhaust  gas  analyzer 

I  Gives  vehicle  air/fuel 
ratio 

(e)  Vacuum  gauge 

I  Indicates  engine  vacuum 

(f )  Tachometer 

I  Indicates  ertglne  rpm 


Chart: 


CAFB  63-12 
Flywheel  and  Clutch 
Schematic 

1.  Flywntel  can  be 
disengaged  at 
spttds  under  30  M.P.H. 

2.  Do  not  outage  fly- 
wheel  while  vehicle 
1s  1n  motion 


Chart: 


CAFfr  63-13 

Power  and  Speedometer 


?6 
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f 


(g)  Aux  11  larjMfehtcIt"  cooler 

.1  Contains  Motor,  dump, 
~  sheet  axchangtr  and  hosts 

(2)  Cools  vthiclt  radiator  by 
£^  circulating  water  thru  cooler 

'(3)  Replaces  normal  air  blast 
APPLICATION: 

1.  Ref:   Para  a.  Part  1 

I  a.    Faulty  engine  operation  (compression) 
•      (1)   Fill  throttle  -  low  speed 
/b.   Compression  testing  with  a  dynamometer 

(1)  Operate  vehicle  at  full  throttle 
low  speed 

(2)  Short  out  each  cylinder  indivi- 
dually with  screwdriver 

-(3)   Note  drop  in  horsapower  as  each 
cylinder  1s  shorted  out 

(4)  Compare  horsepower  drop 

(5)  Least  drop  1n  horsepower  Indi- 
cates which  cyllnder(s)  has 
poor  compression 

2,  Ref:    Para  a,  Part  1 

a.   Electrical  systai  (ignition) 

il)  Testing  Ignition  system 

(a)   High  speed  *  cp*..*. 

throttle  miss  Indicates 

1  Poor  coll  r 

2  Improper  point  gap 

3  Low  primary  voltage 


4  High  resistance  in  the 
high  tension  wires 

'*>)   Low  speed  -  open  throttle 

4 mA 


Chart:  CAFB  63-15 

Water  and  Coolant 
Schematic 


Place  on  chalkboard 

a,  b,  c,  d,  e,  f,  g,  h,  1 


1200  R.P.M. 


Max.  H.P.  drop  -  2  hp 


2500  P.P.H. 


Mention  point  float  and 
point  bounce 


1200  R.P.M. 


1.    Identify  study  MttHals 


61 vt  reasons  for  studant  to 
study  assignment. 


3.  Ask  pertinent  question* about  the  virl-        3.  Use  oral  questions  to  detersrt 
ous  tasts  we  mad*  today  and  how  this  trass  to  ba  retaught 

Instrument  makes  road  tasting  vehicles 
lass  difficult  than  actually  taking 
than  out  on  tha  highways. 

ASSIGNMENT 

i 

i 

1.  Tomorrow's  Us  son  wllftbe  on  tha 
Simpson  Engine"  Ana  lyzeAand  Its 
many  usts,  so  tha  asslglnent  will  ba 
for  you  to  study  WB-403J  This  Is 
tha  work  you  wfll  ba  accomplishing, 
and  tails  you  how  1t  will  ba  dona. 
Be  especially  watchful  for  the 
tests  to.be  made,  and  the  number 
of  .tests  mentioned  1n  this  work- 
book. '  ) 

2.  Don't  forget  that  you  should  try  to 
study  at  the  same  time  every  evening, 
if  possible.   Also,  eliminate  as 
many  surrounding  distractions  as 
you  can.   This  may  help  you  con- 
centrate* better. 

3.  This  lesson  will  help  you  laam 
that  there  are  many  different  types 
of  test  equipment,  and  you  can  adapt 
to  any  of  them  with  just  so  under- 
standing that  they  all  have  simi- 
lar characteristics  and  will  do 
the  tasks  required  of  them.  Don't 
fear  them.    Don't  abuse  than.  Just 
use  them. 

INTRODUCTION  TO  NEW  PAY'S  WORK 

1.  .Arouse  the  students'  Interest  by  asking  them  to  compare  the  Simpson  Engine 
s  Analyzer  with  other  types  of  test  equipment  they  have  used.  Or  use  some 

other  idea  or  example  you  may  have  that  will,  simulate  discussion. 

2.  Yesterday  we  discovered  that  the  dynamometer  Is  an  Instrument  that  can  be 
used  for  various  tests  that  keeps  us  Indoors  away  from  traffic.   It  also 
can  be  used  tn  any  kind  of  weather.   Therefore  It  can  be  said  that  It  1s 
a  useful  piece  of  equipment.   Conduct  oral  quiz  oa  operation  and  usa  .of  . 
Simpson  Analyzer.  \        ,  ' 

3.  Today  we  will  discuss,  tha  many  pieces  of  testing  devices  that  comprise"  the 
*  Simpson  Universal  Engine  Analyzer,  and  their  uses. 


3.  Mention  method  of  study. 


a.   The  puroose  of  the  & 
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I  Poor  tptrk  plugs 

taut Inn 

shorttd  out 

3  Cricktd  distributor 
cap 


3.   Ref:  "Para  a,  Part  1 
-    a.   Fuel  System 

( 1 )  Proptr  "carburetor  operation 
1s  determined  by  connecting 
the  exhaust  gas  analyzer  to 
the  tall  pipe  and  the  vacuum 
hose  to  the  Intake  manifold 

(2)  A1r/fue1  ratios  should 
conform  to  specifications 
at  all  test  points 

APPLICATION: 

1.    Ref :    Para'  a,  Part  1 


Test  at  all  settings* and 
at  Idle 


Vehicle  Chassis  Dynamometer 
Distributor  Advance  Tester 
TO  3306-3-16-1 
TO  36A2-3- 14-2-1  '68  Ford 


£ND  OF  DAY'S  SUMMARY 


SUMMARY 


1.  Today's  lesson  has  shown  you  that  there 
js  much  more  to  \he  dynamometer  than 
just  setting  up  the  vehicle.  The 
various  test  settings  Vt  11  tell  you 
the  condition  of  a  given  vehicle 
under  road  conditions. 

2.  The  load  settings  that  you  tested 
the  vehicle  under  were  as  follows: 

a.  Full  throttle  and  1200  R.P.M. 

b.  Full  throttle  and  2500  R.P„M. 

c.  Rapid  acceleration.  '  ^  * 

d.  Part  throttle  and  2500  R.P.M. 

e.  Part' throttle  and  1200  R.P.M. 


1.   Restate  objectives  of  the 
lesson 'covered  1n  this  day. 


2.   Emphasize  the  area  of 
major  Importance. 
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b.  A  brief  .description  of  1t. 

c.  forming  various  titles  with  1t. 


PRESENTATION: 


1.   Ref:   Para  b,  Part  1 


ATTN:  All  Simpson  electrical 
services  are  transistorized! 
Don't  hook  them  up  backwards 


a.  Purpose  of  the  analyzer 

s 

(1)  The  universal  engine  analyzer         61-2785  Eng.,  Ford  Y-8 
1s  used  to  test,  troubleshoot, 
and  tune-up  4,  6  and  8  cylinder 
Internal  combustion  engines 
with  6,  12,  24  or  32  volt 
electrical  systems 

b.  Description  of  equipment 

(1)  The  universal  engine  analyzer 

consists  of  7  testing  or  All  of  these  components  are 

analyzing  components  and  3  described  In  TO  3306*3-14-1 

accessory  or  adapting  com- 
ponents which  are  self-con- 
tained and  Independently 
operated.   All  components 
are  mounted  or  contained 
within  a  portable  cabinet 

(2)  .  The  components  and  adaptors 

are  as  follows,  with  a  brief 
description  of  each 


(a)   Adaptor  set,  24  volt 
waterproof  systems. 
Used  for  checking 
all  types  of  sealed, 
V  watertight  electrical 

systems 


(b) 


Battery  loader,  test 
batteries  under  operat- 
ing conditions 


Do  not  multiply  the  A.H.R.  with 
this  battery  loader!  ' 


mines  the  Internal  condition 


of  the  engine 


(d)  Tester,  charging  battery 
smarter  1s  used  for  trouble- 
shooting the  various  systems  . 
as  (he  name  Implies;  namely,  >. 
the  charging,  starting  and  <V£< 
battery, systsms 


(e)  Anilviari  condenser  magneto 

%      §         9  wv^p,  v^-^p^P*    e     ^P^P»*^P^ppp^f^P^      ^^^»^P»*"^pj  vw  — 

Is  used  to  ttit  and  troubTe- 
shoot  those  systems* 

(f)  Tester,  futl  pump,  this  unit 
1s  ustd  to  perform  tht  pres- 
surt,  volume  and  vacuum 
tasts  on  tha  vehicle  to 
datamlna  tha  service- 
ability of  tha  fual  and 
vacuum  boos tar  pumps 

(g)  Connactor  sat*  spark  plug, 
this  sat  1s  usad  to  connact 
tha  clips  of  tha  tachometer 
advance  tastar  to  tha  spark 
plug,  in  ordar  to  chtck 
spark  timing  and  advance 

(h)  Taster,  tach  dwell  ignition 
1s  usad  to  troubles hoot  tha 
Ignition  system,  and  Isolate 
the  cause  of  the  malfunction. 
It  1s  also  used  to  set  the 
rpm  and  dwell  when  malfunc- 
tion 1s  corrected 

(1)  Tester,  tachometer  advanca 
can  be  used  to  check  and 
set  Ignition  timing  and 
check  spark  advance  under 
Various  conditions  • 

(j)  Analyzer,  condensor  magneto. 
This  unit  1s  used  to  conduct 
the  various , tests  on  the  coll 
and  tfye  condenser  1n  Ignition 
systems  v 


Same  as  Item  (J) 


Vehicle  should  be  running 
and  hose  placed  1n  bottle 
to  catch  fual 


Also  used  for  secondary  volt 
age  tasts  I  resistance 


Use  mf g  specs  as  a  reference 


APPLICATION* 


I.    Ref :    Para  b,  Part  1 


EVALUATION: 


The  quizzes  for  the  three  days  will  be 
given  at  this  point.   This  wfll  be  In 
addition  to  the  4a1ly  quizzes.  Reteach 

where  needed. 


(20) 


Various  Vehicles 
Special  I  Hand  Tools 
Universal  Engine  Analyzer 
(Simpson) 

Distributor  Advance  Tester 

TO  3306-3-16-1 

TO  36*2-5-2-22 

TO  36A2-3-14-2-1  '68  Ford 
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CONCLUSION  20  N1n 

SUMMARY  AND  REMOTIVATION: 

1.  Briefly  cdver  the  material  of  the  last  three  days,  emphasizing  the  main  points 
that  are  as  follows: 

a.  The  chassis  dynamometer,  its  components  and  Its  versatility. 

(1)  The  console  with  Us  six  meters  and  gages. 

(2)  The  rollers,  tachometer/generator,  power  absorption  unit  and  how 
It  operates,  the  flywheel  and  air  clutch  that  engages  Hi 

# 

(3)  How  to  prepare  the  vehicle  and  the  chassis  dynamometer. 

(4)  The  five  test  settings. 

b.  The  use  and  servicing  of  the  Simpson  Engine  Analyzer. 

(1)  How' each  component  part  of  the  analyzer  1s  self-contained  and  multl- 
'     purposed.  / 

(2)  Name  them  and  give  a  brief  description  of  each. 

2.  These  Instruments  that  you  have  been  using  these  last  three  days  are  not  as 
difficult  as  they  may  have  seemed  at  first,  and  as  you  progressed,  you  dis- 
covered that  they  could  be  adapted  to  your  own  vehicle.   You  now  have  only 
a  working  knowledge  of  the  Dynamometer  and  the  Simpson  equipment,  but  with 
time,  patience,  and  practice,  you  can  become  very  proficient  with  them. 

ASSTSNMENT  AND  CLOSURE:* 

1.  The  final  lesson  in  Block  4  will  cover  Lights,  Warning,  and  Signal  Systems,. 
Therefore  ^our  assignemnt  is  to  study  the  material  in  Workbooks  404,  404A, 
and  4046.   This  lesson  will  also  Cover  headlight  aiming  and  testing.  This 
is  also  covered  in  the  aforementioned  workbooks. 

2.  An  appraisal  will  be  given. bn  the  assignment  material.   So  be  prepared  on  Monday. 
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|  A^^OVM.  o*r*ca  AM  OAff 


l*3l»7^3Q 


1   »  i- 


Ganaral  Purpose  Ye  hie  la  Repairman,  Part  X 


•COCK  TITCt 

Tune-i 


  Une-up  and  Troubleshooting  _    ,  , 

H*cS  mi.*  Trouble  shoot,  Diagnosis,  ana  Repair  or  Vehicle  Lirhtinr, 
v^rnin.^,         Signal  Systems,  and  Headlight  Testing 


*.  c;.  .:wooi^ ia D oratory 
DID  4.5  hrs/Perf  6  hrs 


aw/tFo^iiSantafy 


4  hrs 


TOT  AW 

1^.5  hrs 


*  <il  SuSSiS 


FAOC  OATS 


»A*AOJlA|»M 

4 


STS  ^73X0 


tTi/crrittygtgHcg 


OATl 

3  Sap 


197** 


tOHftVtlO*  APMOVAL 


StOfcATUHf 


OATt 


iiatlATUIil 


DATt 


MtCLAU  MCPAMATION 


lOUtfHMMT  LOCATCO 
IN  LAOOOATONV 


• /enicies 
Mechanic's  Com- 
mon Hand  tools 
3. Special  tools 

4.  Voltmeters 

5.  Ammeters 

6.  Continuity  Lanps 
7- Soldering  Equip- 

,    man  fr.  ( nvpr \ 


COUIMMMT 


y^Va5 


CUAMlfr  JC0  MATERIAL 


***** 


0«A»MtC  Altft  AMD 
UHCUAMIPttO  WAT  till 


8* 


1.  JABKU/JJU-WB-' 

2.3ABR^7330-PT-40i 
>,  3ABR^7330-WB-40^ 
4 .  3ABRU7330-WB-^O^lB 
5.3ABH^7330-PT-^  B 

6.  FilmiTVL-^72A 

7.  FilmiTVL-^72B 

8.  T036A2-3-14-2-1 

9.  T036A2-4-17-2 


a . Without  referrence s , 
operation  of  lighting,  warning, 


CWITimOM  OtJlCTtVtS  AMP  T1ACHWQ  trtw  

laentiiy  Basic  tacts,  relative  to  tne  function  dnd 


and  signal  systems  with  70£  accuracy 


b.  Provided  with  tools,  equipment,  testers,  vehicle,  and  practicing  all 
safety  preoptions,  interpret  circuits,  schematics,  and  diagrams,  and  use 
visual,  operational  means,  and  test  equipment  to  check  electrical  system 
following  the  procedures  outlined  in  PT. 

c.  Given  workbook*  too Is,  equipment  testers,  and  vehicle,  and- practicing 
automotive  personnel  and  equipment  shop  safety,  check-  and1  repair  lighting 
warning  and  signal  systems,  and  check  and  adjust  headlights  following  th< 
procedures  outlined  in  the  workbook. 


d.    Given  tools,  test  equipment,  vehicle,  and  practicing  all  safety  pre- 
cautions repair  #*  service  vehicle  safety  accessories  IAW  manufacture** •  i 
acifica  lions.  ' 


i 


|TBA< 


CHING  STSPS^LISTED  IN  PART  II. 


ATC  l£*n    770  A  M 
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EQUIPMENT  LOCATED 
IN  LABORATORY 

8.  Terminal  Kits 

9.  Battery  hydrometers 

10.  AC  type  H  headlight  aimer 

11.  Weaver  headlight  tester-aimer 


$4 


mi 


0 
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I. 


_ftHr*UtH1n 

of  lotting  by  in  anuslng 
own  oxptntnces.  At  tht 

of  tht  lesson  notorial 


3. 


INTRODUCTION 

Attention  Mi  Motivation:  frnts  in  ■twipnt 
story,  students'  previous  experience,  or  your 
sent  tint,  aato  tht  students  twart  of  tht 
and  tht  .everyday  ust  they  will  nakt  oir.1t. 

SS^^1^r?K5  °T  S»  P^«S«  on  totting  sub  sys- 

S^l1!;  ♦Iftf'jJ*1*0"  ^I1  con«i*t  «f  discussion  of  troubleshooting  and 

J?S!I  «2  k!55i  l25t13S;  wtlTln?* !??  J1*"*1  systtns;  also  thtrt  mn  be 

tl^.0"  ^Hgnt  s  11ng  and  headlight  testing  after  which  thtrt  will  bt  a 
WawllcttlSn^  32  Est*  <"  *  — 


BODY 

PRESENTATION: 

1.  Rtf:    Para  1,  Part  1. 

a.   Functions  and  operation  of  lighting. 
wOrnlng  and  signal  systtts 

2.  Rtf:   Para  2,  Part  1. 

a.   Lighting  System 

(I)  Headlights  (all  or  indivi- 
dual )  do  not  work 

(a T  Loose  battery  cable, 
poor  connections,  defec- 
tive switch',  between 
headlight  switch  and. dinner 
switch  anditt)ween  dinner 
switch  and  111  ghts 

(b)  Defective  light  switch 

(c)  Burned  out  bulbs  (1f  all 
bulbs  art  burned  out  check 
charging  system  for  exces- 
sive output  or  check  for . 
high  resistance  caused  by 
poor  connections) 

I  Dinner  switch  defective 


2  Poor  grounds 


_8  Hrs  40  1*1* 


3ABR47330"PT-404 
PT-404B 
3AMM7330-W-404 

HB-404A 
tnV404B 


A 


(d)  Headlight  41a 

Poor  ground  « 
1  Oofoctlvo  battery 

3  Loot*  connections  ^ 

4  Low  output  of  charging 
~~  systan 

to)  Tail  lights  don't  work  or 
art  din  (slsrilar  condltlona 
as  headlights). 

(f )  Parking  lights  don't  work 

or  art  dim  (slarilar  condition 
a*  headlight), 

(g)  Brake  lights  and  switches 

1  Oofoctlvo  switch,  either 
pressure  type  in  brake 
line,  or  Mechanical  type 
adjacent  to  attached 
brake  pedal 

2  Defective  turn  signal 
~  switch* 

3  Conditions  slnllar  to 
other  lights  just  covered  • 

( h )  SJgna 1 1 ng  and  warnl ng 

I  Turn  signal  lights 

a  Inoperative  (all  of  V 
Individual)  ^* 

)    (JJ  Fuse  \ 

(D  Loose  connection  , 
or  defective  wlHng 

(1)  ,  Defective  flasher 

,  f4J  Oaftct^e  turn  / 
rlgrial  twitch 

(5)  Burned  out  bulbs 

—  f*U 

v  (£)  Poor  grounds 


— 
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Lights  burn  but 
do  not  flash  or 

iik  Oa&. 

riWr  w  rupKnjr 

(1)  Poor  ground 


(3) 


Defective  or 
wrono  typo 
flasher 


flithors 
iro  designed 
to  flash  a 
designated 
slao  dud  nua* 
bor  of  bulbs* 
and  others 
aro  designed 
to  flash  any 
nuobor*  between 
1  to  6 


c  Cancols  loproperly 


(i)  Cm  Inproporly 
positioned  on 
hub  of  steering 


1 


(2)   Oofoctlvo  or 

Inproporly  adjusted 
turn  signal  twitch 

d  Oil  prossuro  and  charg- 
ing systea  Indicator 
lights 

(1)  lights  won't  burn 
whan  Ignition  switch 
1s  turned  on 

(a)  BurnodyBut  bulbs 

(b)  Looso  connec- 
tlons  or  broken 
wiro  fron  lega- 
tion switch  or 
sending  unit 

/  (c)  Defective  send- 

9   1ng  unit  (oil) 

1  Light  remains'  on  when  engine 
1s  running  ■ 

•  • 


a. 


/' 


.  'V, 


* 


r.  ,-„••■•  -;.>:« 


a.  Orounotd  wlrt  from 


\ 


sending  unit 


\ 


Dtftctlvt  sanding  unit 


d  Dtftctlvt  voltagt 
regulator  (charging 
syste») 

i  Ital  functions  in  charg- 
ing iystfli 

3  Horn 

a*  Hom(s)  Inoptratlva 

(1)  Loott  connections 
or  broktn  wlrt 
frost  horn  button 
rtlay  to  horn,  horn 
to  horn 

(2)  Dtfoctlvt  rtlay 

(3)  '  Dtfoctlvt  horn 

button  contacts 

(4)  Horn  dtfoctlvt 
or  out  of  adjust- 

IMftt 

b  Horn  apa.-4tcs  contlnu- 
*  Ally  , 

Q)  Shcrted  wlrt 

(2)  Dtfoctlvt  horn 
button  contacts 


c  No  oil  prtssurt 


\ 


(3)  Dtfoctlvt  rtlay 


3.  Rtf:   Para  3,  Part  I. 


1U.   Futl,  tonptraturt,  oil  gauges  trratlc 
or  1iiopera$1*e 


(1)  Loosa  connoctlons  or  broktn 


S8 


>  * 


(2)  *  Dtfoctlvt  stnding  Unit 


(3)  Otftctlvt,  constant  volttgt 

(4)  Poor  ground 

(5)  To  htlp  Isolatt  difficultly 
as  btlng  sanding  unit  or 
gauot,  dlsconntct  wlrt  it 
sanding  unit  ind  ground  1t. 
If  giugt  roglstors,  sanding 
unit  1s  dtftctlvt;  If  gaugt 
dotsn't  ngistor,  wiring  or 
giugt  is  defactlvt < 

Raf:   Pin  3,  Part  1. 

a.   WlndsMald  washars  and  wlpars 

(1)  W1ptr  1noparat1va 

(a)  Fust 

(b)  Dtftctivo  dish  switch 

(c)  Wpor  unit  latching 
aachtnlsa  binding 

(d)  Otfoctlvo  rtliy  control 
(o)  Dtftctivo  wlpar  motor 

(2)  Wlptr  motor  will  not  shut "off 

(a)  Wlptr  unit  latching  mtch* 
anlsm  binding 

(b)  Relay  control  switch 
dtftctlvt 

(3)  E;;eess1va  spttd  1n  H1 

(a)  Loose  conntctlon 

(b)  Reslstpr  optn 

(c)  Motor  dtftctlvt 

(4)  wlptr  optratts  In  H1  or  LO 
spttd  only 

(a)  Dash  switch 

(b)  Grounded  wlrt 

(c)  Optn  w1 rt 


b.   Htattrs  A  Dtfrosttrs 

(1)  *  Hnatar  and  dafrostar  Inopara- 

tlvt 

(a)  Risa 

(b)  Dub  switch 

(c)  Raslstor 

(d)  Loosa  compactions  or 
brokan  wfra 

(2)  Haatar  and  dafrostar  don't 
g1va  off  suffldant  haat 

(a)  Watar  valva  on  block 
turnad  off 

(b)  Oafactlva  tanparatura 
control  valva 

(c)  Brokan  control  cabla  to 
taaparaturt  control 
valva 

(d)  frash  air  doors  Inopara* 
tlva 

* 

(a)   Inoparatlva  or  no  angina 
thanestat 


Raf:    Para  4,  Part  1. 


a.   Purposa  of  tastar  (Uaavar)  (AC) 

(1)  Tast  canrflapowar,  bat* 
diractlcn  of:  HnadHghts, 
fog  lights,  and  othar 
advarsa  waathar  Hg,Nts 

(2)  AUo,  furnish  a  posltlva 
aaans  of  eorraetlng  baas 
dlractlon  ■„ 


F11«s;    TYl-472  AAB 

AC  HaadHght  Alanr,  Modal  H 
Maavor  Haadllght  Tastar  Nodal  Wx45 


b.  Units 
c  (l)  Tastar  (Waavar) 

(a)  Photo-a lac trie  call  connactad 
to  a  call bra tad  mtar  which 
naasuras  Tight  1ntans1ty  in 
thousands  of  caMTapovar 


9n 


-v •=..  .... 


I  -J 


(b)  Tha  calibrating  stand  1s 
,    doslgnad  to  hold  a  f 1 ash- 
l$oj&nt  *  flnod  holght 

(2)  A1wor  (AC) 

(a)  Transit  and  targtt  1s 
doslgnad  to  conponsata 
for  tho  floor  slopo 


(b)  Alaars  and  adaptors,  loft 
and  right,  usod  to  a1n  tho 
hoadllght  only 


.^PLICATION: 

\.   Raf:   Para  2,  3  I  4,  Part  1. 


woavar  Hoadllght  Alaar 
AC  Typo  Hoadllght  A1«ars 
Various  Vohtclas 

Voltsators.  A—tau,  Continuity 


lanps,  Soldarlng  Equipaont,  Tom- 
Inal  I 


Kits  and  Hydro—tors 


EHD  OF  DAY  SUMMARY 


SUMMARY 


> 


You  hava  bton  g1  van  a  sarins  of  probl 
concarnlng  lights,  warning  and  signal 
sys tarns,  and  qultzos  covorino  tho 
saa*.   You  hava  also  tostod  lights, 
warning  and  signal  systans  on  vahlclas. 
In  addition  you  hava  soon  film  on 
how  to  uso  tho  hoadllght  tostor  and 
alnar  to  adjust  hoadllohts  -and  d1s-  , 
cussad  various  difficulties  oncountorod 
with  nls-alnad  hoadllghts. 

You  hava  also  discus sad  and  chockod 
haatars,  dafrostars,  windshlald 
was  bars  and  wlpars,  and  how  tho  »  . 
horns  ara  adjustod  for  tono  and 

vol  I 


1.  Rostato  ohjoctlvos  of  tho  losson 
(covorod  in  this  day). 


2.  Etaphaslza  tho  aroa  of  najor 
Inportanco. 


3. 


Pass  out  qulzzos  at  this  Una  and  discuss 
any  woafc  aroas  that  show  up. 


ASSIGNMENT 

1.  Rostuoy  Workbooks  404A  and  4046,  to 
proparo  yoursolvos  for  tho  lab  work 
tho  first  thing  In  tha  aornlng. 


3.  Uso  oral  questions  to  detorarf  no 
aroas  to  bo  rntmnht 


1.  Identify  study  MterltW. 


*•  Thi, 
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^MO  INr^II  OfHoTv    YoU^tTl  00  given 

•  quiz  on  this  Material  before  Hi  parti- 
cipate 1n  thrift  work. 

3-  ggg-"— ^  *ft  •  t1«o  wido  every  3.  Monti  on  Mthod  of  stue>. 

eveiHng  for  your  studying,  tod  don't  ^ 
forget-Pleue  try  to  have  as  few  dis- 
tractions as  possible!  Than  concentrate 
on  tha  Mterlal  only.  Try  the  SQ3R  Mthod 
of  study  as  suggested  before.  Please 
give  It  a  fair  try. 

I.   Today  you  win  ba  abla  to  put  to  usa,  tha  Mtarlal  dlscussad  and 

tested  yastarday.   In  your  andaavor  you  nay  ancountor  difficulties  with 

J5i  -S!1!1!!  iflitth1»  1?  *  *  axpactod.^htsa  vehicles  are  purposaly 
Induced  with  various  aal functions  for  your  bonafU.  nopal r,  replace, 
and  adjust  according  to  awnufacturer's  specifications.   Conduct  que*, 
tl on/answer  period  to  detersrtne  class  preparation  of  assigned  Mtarlal s. 


s  '  I 

*•   Hi*  W?S2!r  Ht5?ll?!!LTt,Uf  "•Mur«  the  intensity  of  the  headlight, 
beaii  1000  candlepower  Increments  as  wall  as  locating  the  bow  dlrec- 

-tr.   The  AlC.  Headlight  AlMr  does  not  Measure  been  Intensity,  only  dir- 
ection. ~ 

J.   You  mst  be  abla  to  differentiate  between  the  two  types  of  alaari 
their  llaltatlons  js  wall  as  their  capabilities.  This  you  will  acW 
pllsh  today,  tie  will  now  go  to  the  lab  area  and  conduct  our  experiments. 

APPIICATION: 

Is.   Ref:   Para  3,  Part  1/  ♦ 

2.   Ref  :  ^Ptra  4 f  Part  1. 

(VALUATION: 

1.  The  quizzes  for^yesterday  and  today's 
activities  will  be  given  at  this  tlM. 
These  quizzes  are  In  addition  to  the 
dally  quizzes  and  questions  that  are 
issued  and  Interspersed  throughout 
the  lesson. 

CONCLUSION  ■    g0  JlMrtUWn 

SUMMARY'  AND  RBWTIVATION: 

^  -       .  5 

J    Briefly  cover  the  Mterlal  presented  yesterday  and  today*, and  the  experience 


gained  by  applying  their  knowledge  to  tht  actual  vehicles.  Strata  tba  import- 
ance of  complying  with  tits  ttata  laws  governing  tha  headlight  tattings,  as  wan 

this  lesson,  such  as  lights,  warning,  signal  system,  heaters,  defrosters, 
W/S  washers  ana"  w1  pars,  and  gagas. 

ASSIGNMENT  AND  CLOSURE: 

* 

1.  Review  all  tha  dally  appraisals*  and  notas  paftalnlng  to  tha  block  1n  prepare- 
tlon  lor  final  block  waaswawant. 


2.  This  completes  tha  actlvltlas  of  Block  Four  and  so  tha  and  of  block  tasts 
will  be  administered  at  this  t1ae. 

3.  Study  and  respond  to  PT's  501,  501A  I  S01B  dealing  with  Clutch  Operation, 
Transmission  Construction  and  Operation  and  Power  Take-off  Units. 


e) 
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v  FIELb  METHODS  OF  TROUBLESHOOTING  ENGINE  S.YSTJMS 

OBJECTIVES  *  ,  •  '  '     '  ,. 

When  you  have  completed  the  exercises  in  this  worksheet  you  will'  be  able  to: 

•   *  '  '  '    ■  *       ".,v  - 

Use  visual,  auditory,  and  operational  means  to  perform  field  methods  of 
troubleshooting  engine  component  malfunctions  in  the  electrical  system,  fuel  •* 
system,  lubrication  system,  "cooling  system,  and  mechanical  system.  ,  t 

Use  operational  and  field  methods  to  inspect,  clean,  testf  siurvice,  and  - 
adjust  the  units  t&at*  make  up  the  vehicle  components  listed  abov^ 

Use  handtools  and  publications  properly  and  observe  all  safety  precautions.  ^ 

jpQUIPMENT  .       •  ■    *  .   .  ■     /     ■  * 

Live  Engine  -v 

Mechanics  Tool  Set\  '  9  ' 

PROCEDURE    i  • 

*  ■  1 

*  r 

Using  the  worksheet  as  a  guide  for  step-by-step  procedures  and  important  • 
information,  perform  each  task  listed  and  tead  the  information  about  it  where 
applicable*  in  th6  following  exercises  and  as  directed  by  the  instructor.* 

Exercise  1 

Locate  and  Correct  Starting  System  Malfunctions  Wi^out  Special  Test 
EquLp)nent.  * 


v 


1 .  *   Observe  all  Applicable 
safety  precautions. 


.  2, 


Obtain  the  necessary 
handtools  . 


3.  Obtain  the  applicable 

publication.  • 

■        i   ■  .* 

4,  'Attempt  to  start  the 

designated  engine  and 
♦    observe  the  cranking 
*  speed.  * 


4 

t 


1. 


2. 


3.      Reference  used: 


If  when  attempt ing<  to  start  rengine 
it  will  not  turn  over,  the.  following » 
steps* should  be  taken  to  isolate 
Vhe  trouble. 

Note:,   Makft  sure  battery  is  in 
good  condition  and  fully  charged1. 


. . .  /  - 


ERIC, 


Isolate  th«  trouble  enveloped 
in  the  starting  motor  circuit 
when  starting  motor-  fails  to\ 

turn  engine  over  'or  It  turns 
slowly,,  ' 


5.      If  checking  with  the  engine  in  the 
.vehicle,  the  headlights  Or  done 
light  is  turned  oa -while  ataenpting 
to  crank  the  engine.    If  using  an 
engine  trainer,  use  a  continuity 
light  hooked  across  the  battery. 


a. 


Observe  light(s)  whil«L 
attesting  cranj^ftg,  . 
and  isojark  tpriuble  if 
the  liglisRsTstay , bright 
and^there  i£  no  cranking  ^\ 
action..  >r\ 

(1)  Tetm  on  ignition 
switch;  close^the 
control  switch. 

(2)  .Determine  if  the 
f         magnetic  switch 

or  solenoid 

operates •  , 


(3)    Isolate  malfunction 

in  the  cohtrol  circuit, 


b.  .   Isolate  troubljyif  light(s) 
goes  out  as  the  starter 
switch  is  closed* 


c.      Isolate  trouble  if  lights 
dim  considerably  as  the. 
starter  switch  is  closed 
and  the  starting  mo  ton 
operated  .slowly  or  not  at 
all . 

Have  the  instructor  check  the 
job. 


a.      This  condition  indicates  an 
open  circuit  at  some  po^nt  in 
the  starting  system  (starting 
motor,  switch,  or  Control 
circuit) . 


(1) 


(2)  Host  magnetic  switches 
or 'solenoids  may  be.  * 
operated  by  hand.  If 
starting  motor  operates 
when  switch  is  closed y 
the  ^trouble  is  in  the 

\  cbntrolr  circuit. 

(3)  Use  jumper  lead* and 
connect  around  the  con- 
trol devices  aftd  switches 

Note:*^If  the  trouble  is 
in  the  starting  motor, 
~  it  m^st  be  removed  and 
checked.  >  4 

v 

b.      This  condition  Indicates  that 
there  is  a  poojj:  connection 
between  the  battery  and 
-  starting  mo^tor, 

Ncrt»:   .Ch$ck  at  battery 
^tern^hais  .  iv* *  ^ 


If  batteify  is  ^ii  ^good  5*$>ndi- 
eion.  there*  mAr  tie  soije 
wchfnft&l  corgi  tjofl  ^j&the  ° 
ehgine  ot  startlftg'c2TOtor 
which  pauses  the  trouble. 


6  .      Ins  tflictd**  s.  inl/t 


Locate  and  Correct  Ignition  System  Malfunction  Without  Special  Test 
Equipment* 

.    %  ~  \  ,  * 

Mote:    If  engine  cranks  but  fails  to  start,  us*e  the  following  procedures 

for  checking  out  the  ignition:  system.  . 


1. 


Check  for  spark  at  plugs . 
a*      Remove  spark  plug  wire* 
b.      Turn  ignition  switch  on* 
cs      Crank  engine  w^th  starter. 


1. 


a.  * 
b. 


Figure  1.    Checking  Spark. 


d.      Hold  spark  plug  wire 
1/4"  from  ground. 

2.      Check  for  spark  at  coil. 

«- 

a.  ,  *  Remove, /coil  wire 

•  from  the  distributor 
'   '       .    cap.    <  ¥ 

b.  Turn  ignition  switch 
*on. 

*  •  -  .  *  * 

b  c.      Crank  engine  with 
starter. 


df.  .    If  no  spark  occurs,  the 

ignition  is  atv  fault,  figure 


2. 


a . 


b. 


c . 


d'.     Hold  coll  wire  1/4" 
f run  ground*  » 


If  a  spark  is  noted  from 
the  high-tension  coil  wire, 
make-  the  following  checks: 

a.'     Distributor  cap. 


3. 


d. 


a. 


If  the  spark  Jumps  the  gap, 
the  {rouble  may  be  in  the^ 
distributor  cap  or-rotox.  If 
to  spark  junps  the  gap,  the v 
njytt  place  to  check  is  at 
tb^e  points.  '  - 


(1)    With  all  the  wires  . 
in  the  cap,  hold  it 
upside  down  and. 
open  and  close  the 
points . 


(1)'  If  a  spark,  jumps  between  " 
the  terminals  of  the  cap, 
it  should  be  replaced.-'  s 


CRACKS 


DISTRIBUTOR  CAP       CARBON  RUNNERS 


.tr* 


LOCATING  LIP 


Figure  2.    Cracked  Distributor  Cap. 


(2)    Remove  every 

other  s'park  plug 
wire  from  the 
cap  and  insert  j 
high-tension  coil 
wire  in  one  of 
these  wells. 


(2) 


If  a  spark  jumps  'between^ 
terminal~-of  the  cap,  it 
should  be  replaced.  .If 
*no  so  ark  jumps  between 
terminals,  the  *  remaining 
empty  wire  wells  should 
be  checked  in  the  same 
manner'.    Jumping  between^ 
terminals  indicates, 
faulty  cap,  figure  2, 


(3)  Turn*' cap  over  and 
open  and  close  points . 

(4)  Insert  the  high-tension 
coil  wire  in  one  of  the 
spark  plug  wire  wells  . 
and  hold  bottom  edge  of 
the  cap  1/8"  from  ground. 


(3) 


(4) 


\ 
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(5)    Open 'and  close 
"    .points  (switch  on). 


*  Roto*.* 

(1)    Visually  check 
rotor  tip. 


(2)  »  Test  rotor  by 

leaving  on  shaft 
and  holding  high- 
tension  coil  wire 
1/4"  from  rotor  tip. 


b. 


i*sr  ROTOR 
FOR  GROUND 


7£ 

(5)    If  a  spark  jumps  from  the 
cap  to  ground,  the  cap 
la  faulty,  figure  2* 


(1)    If  the  tip  is  burned  or 
broken.  It  should  be 
replaced. 

(2) 


Figure  3*    Testing  for  Gto^nded  Rotor. 


(3)    Open  and  close 

points  (switch  on). 


c.      Spark  plug  wii;es.* 

(1)  Insert  each  plug 

*        wire  into  coil -high- 
*       tension  lead  and  hold 
!  wire  1/4"  fro*  ground. 

* 

(2)  Open  and  close 
points,  (switch  on). 


If* no  spark  was  noted 'from 
the  cpil  wire,  paragraph  3, 
check  the  points.. 

a.      Open  and  close  the  * 
points  (switch  on). 


J  5, 

J  On 


(3)    A  heavy  spark  jumping 

from  wire  to~tip  indicates 
a  grounded- rotor,  figure  3* 


(1) 


(2) 


jtrapi 


If  a  good  spark  j*urops  to 
ground,  the  wires  are 
good.    No  spferk  indicates 
a  faulty  wire. 


A  slight  arcing  should  oc%pr 
ea«h  time  the  points  are  j 
'opened. '  If  current  is  present 
at  the  points,  but  not  at 
high-tension  coil  leadfr  the 
high*  tens  ion  wire  jnutft  be  * 
<$^ecke'd. 


a> 


Remove  high- tension 
coil  wire  and  Substitute 
•P«rk  plug  wire  In  its' 
place  and  hold  plug  wire 
1/4  from  ground. 

Open  and  close  points 
(Switch  on). 


Rempve  the  primary  wire  from  '* 
the  distributor  terminal  and 
touch  to*  ground. 

Uslng'the  test. prod,  follow  the 
primary  circuit  back  fo~the 
battery  or  until  spark  Is 
found. 

When  spark  is  located,  * 
repair  or  replace  any 
defoctive^connections,      ■  s 
wiring,  or- units,  until 
spark  is  noted  at  the 
distributor  end  of  the  \ 
coil  to  distributor  pri- ; 
•  mary  wire,  arcing  it 
to/  ground.  \ 

If  spark  is  noted  when 

t5?  Co11  t0  distributor 
primary  wire  is  grounded, 
the  following  checks  :aist 
be  made: 


b. 


7. 


8. 


c.     If  a  spark  Jumps 'from  the 

wire  to  grovwd,  the  original, 
coil  wire  is  broken.    If  no 
spark  jumps,  at  least  one 
spark  plug  wire  should  be 
tried.    If  there  is  still  no- 
spark,  'the  coil  secondary 
winding  is  faulty  and  the  coil 
must  be  replaced. 

Caption:    When  cheeky  are  made 
makesure  the  coil  to  distributor 
wire  is  disconnected  at  the 
distributor  terminal. 


a. 


Open  the  points  and 
touch  the  primary  wire 
to  the  primary  dis- 
tributor terminal. 


a. 


otcca  ret 

CWMJgO  CM0CI3CI 


If  a  spark  occurs,  the  dis- 
tributor primary  circuit  is 
grounded. 


Figure  4.    Checking  Grounded  Cond 

6 


enser. 


Disconnect  the  condenser 
pigtail  lend  And  touch  th* 
primary  wire  to  the  con- 
denser pigtail  lead, 
figure  4 . 

Touch  the  primary  lead 
to  the  primary  terminal* 


b. 


c. 


If  4  «spark  occurs,  the  condenser 
is  grounded.  If  joo  specie  occurs 
reoove  the  movable  point. 


If-  a  spark  occurs  >  the  primary 
terminal  is  grounded.    If  *no 
spark  Is  noted  in  either  of 
the  two  preceding  checks,  the 
movable  point  is  grounded;  end 
needs  replacing. 


0$en  condenser  test. 


d. 


Figure  5.     Checking  Spark  Vlith'  Cgndenser  in  Circuit. 


'CD    Hold  the  coil- 
secondary  wire 
*  close  to  ground 
and  hold  the  pri- 
mary wire  and 
condenser  pigtail 
together,  figure  5. 


<1> 


Touch  the  condenser 
pigtail  and  primely 
ldad  tb  ground  and 
notice  hdw  far  the 
spark  Jumps  from 
the  secondary  wire. 


(2) 


v 


(3)    Strike  the  primary 
wire  to  ground  and 

*  spark  Jun^s  from 
th«  secondary  wire* 

figure  6 . 


9.  '  ^Attach 'condenser  pigtail  and 
Soil  to  distributor  primary 
wire  to  the  distributor  terminal. 

10.  Open  and  close  ignition  points 

/manually  with. the  ignition 
switch  on,  holding  the  high- 
tension  coil  wire  1/4"  from 
ground. 

11.  Turn  the  ignition  switch 
on,  hold  the  coil  wire 

\*4  1/4"  from  the  ground,  crank 
the  engine  and  check  for 
/spark  .s 


9. 


10. 


11, 


(3>   If  thfre  la  no  difference 
in  the  spark  from,  the 
coil  hi^-temio* 
wire  with  the  condeiufcr 
.in  the  circuit  or  out  of 
the  circuit,  the  condenser 
has  an  open.    If  no 
spark  was  present  from 
'  the  coll  high-tension  wire 
in  the  above  checks,  , 
the  coil  Secondary 
winding  is  at  fault. 


If  there  is  a  spark,  the  primary 
circuit,  coil  and  coil  high- tens itm 
wire  are  satisfactory. 


If  there  is  no  spark  in  this  test, 
the  ignition  points  are  either 
out-of -adjustment  or  the  points 
are  not  making  contact  and  need  - 
to  be  cleaned,  adjusted,  or 
Replaced < 


w 


12.  Repeat  check  in-  para- 
graph 10  to  make-  sure 
the  points  have  been 
properly  adjusted,  cleaned 

'  or  ins  tailed. 

v 

13.  Replace  distributor  rotor, 
cap,  and  wires. 

14 '.    Check  spark  plugs  . 

Make  visual  inspection.* 


.12. 


ERIC 


a. 
b. 


Clean  with  knife  or~ 
'sandblast  if  carboned, 
upV  - 


c.     Adjust  plug  gap 


d.      Replace  spark  plugs 


1\l 


13. 


14. 


-a. 


V 


b.      Befo're^apping  plug,  be  sure 
1 electrodes  are  filed  flat.  . 


c*      Reference,  should  be  made  to 

applicable  technical  publication. 
£ap  setting  should  bte     *  . 

A 


e.  With  engine  running  at 
idle  ipMd,  use  a  screw- 
driver co  d« tensine  if 
all  plug*  ere  firing* 

f.  ft*check  your  work. 


e . 


Yd 


f.     wfth  th«  exception  of  .  ignition 
timing,  the  engine  should  now 
be  ready  to  run.    You  heve  ncy 
completed  checking  the  battery 
-  .\ignition  system  without  using 
testing  equipment. 


15.    Have  the  instructor  check  the  Job;  IS.    Instructor's  initials: 
.  Exercise  3 


Locate  and  Correct  Mechahical  System  Troubles  Without  Special  Test 
Equipments 


le    Observe  all  safety  pre- 
cautions to  be  applied. 


le 


Locate  the  trouble  indi- 
cated by  excessive 
blowby  during  acceleration. 


This  trouble  could  be  .caused  by 
scored  cylinders  and/or  burned 
piston,  or  worn  or  broken  rings. 


Check  valve  condition. 


a.      Check  intake  valves  by 
removing  air  cleaner 
and  observe  sound  at  the; 
air  horjt  when  accelerating 
the  engine. 


a.      Defective  intake  valves  will 
cause  a  popping  at  the  car- 
buretor ain  horn  during 
acceleration. 


b.      Check  the  condition  of- 
exhaust  valves. 


b.      Defective  exhaust  valves  will 
'  be  indicated  by  a  "popping" 
or  "sucking  back"  at  the 
tailpipe. 


■  Note:    Make  sure  the 
idle  speed  and  mixture, 
is  properly  'adjusted,  and 
the  spark  plugs  are  firing 
v     properly.    Hold  a  rag  or 

piece  of  paper  over  tailpipe. 

4.     Check  condition  of  headgasket. 


f.      Check  out  mechanical  system 
engine  noises. 


4. 


5. 


Note:    This  check  cannot  be 
-Anade  on  engine  trainers  be- 
cause of  exhaust  systems. 


'A  blown' headgasket  will  be  indicated 
if  tvo  adjacent  cylinders  are  low 
on  compression,  Sr. if  air  bubbles 
are  detected  'in  the  cooling  system. 
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a .     Loose  rods . 


6. 


1. 


b.     Worn  main  bearings 


c.      Valve  and  tappet. 


d.     Piston  pin. 


e.      Piston  rings 


f.  .  Piston  slap. 

<7 


Have  the  instructor  check  the 
Job. 


Light  knocking  or  pounding. 
Tj»e  sound  become  /more  notice- 
able ae  accelerator U 
oft  with  engine  running  at 
medium  speed. 


Heavy,  dull, 
most  noticeable 
is  under  a  heei 
accelerating*  ei 
engine  is  cold, 
is  usually  re i 


I'llc  knock, 
ten  the,  engine 
loed  or 
>eclally  when 
This  noise 
.ar. 


This  noise  is  visually-  s  clicking 
noise.    It  could  be  caused 
from  adjustment,  weak  springs, 
worn  lifter  fa'des,  lifters 
loose,  rough  adjusting  screw 
face,  or  rough 


d.      This  noise  may 


can 


be  similar  to 


valve  noise,  but  hes  e  metal  11 
dounlV-mwock  characteristic. 
Usually  more  audible  during 
idle  with  spark,  advanced  and 
engine  cold. 

This  is  normally  clicking, 
snapping,  or  rattling  noise. 
It  is  most  evident  on 
acceleration. 

Muffled*,  hollow,  bell-like 
sound.    It  will  be  evidenced 
mostly  when  engine  is  cold. 


6.      Instructor's  initials: 


Exercise  4 

p 

*  : 

Locate  and  Correct  System  Troubles  Without  Special  Test  Equipment. 

S  9 

.  1. 


If  engine  will  not  start,  and 
the  spark  plug  removed  shows 
no  sign  of  dampness  on  its  base, 
perform  a  quick  check  of  the  fuel 
system  on  a  designated  engine. 

a.      Remove  air  cleaner. 


This  allows  a  view  down  into 
the  carburetor. 

Caution:    Never  place  yo'ur 
face  close  to  carburetor 
opening  when  cranking' .engine. 


10 
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2. 


b.  Open  arid  clou  the 
throttle  menuelly  and 
observe  If  fuel  la  present 

^   in  tha  carbijrator. 

c.  Chack  tha  choke  valva 
(automatic  and  manual) 


r 


Chack  tha  operation  of  tha 
fuel  pump  on  a  designated 
engine. 

i  .  _ 

'a.,'  '  Disconnect  %  the  fuel 
lines  from  tha  fuel 
pump  at  the  carburetor. 


b.      Crank  engine  over  and 

observe  if  fuel  pulsates 
from  line. 


Disconnect  the  line  at 
the  inlet  side  of  pump. 


b  .   ..  Throttle  will  operate  the 
accelerator 'pump,  which,  will 
'push  gaaollna  through  the 
,  pump  Jet.    If  fuel  Is  present, 
.  proceed  to  next  check. 

» 

If  engine  la  cold,  choke  valve 
should  be  closed  *( automatic 
choke) .    If  choke  valva  will 
not  close,  the  engine  may  be 
started,  if  gas  is  present  at 
,the  carburetor,  by  holding  hand 
•over  carburetor  throat  while 
'  cranking  the  angina.  , 


2. 


a.  Care  shouldmbe  taken  not  to 
demage  lines  and  fittings.  » 
Use  the  proper  size  tools, 
and^use  them  correctly., 

b.  If  fuel  does  not  pulsate  from 
.line  during  cranking*  make 

further  checks. 

Caution:    Always  make  sure 
that  precautions  are  taken 
to  prevent  gasoline*  from 
spilling  on  engine  and  floor. 
t 

c.  Before  blaming  pump,  check  ♦ 
line  by  blowing  through  it 
*nd  listen  for  gurgling  sound 
in  the  tank.    If  line  is  open, 
the  trouble  is  in  the  pump. 


d.  Check  fuel  pump  sediment 
bowl  and  screen. 

e.  Make  sure  no  parts  leak  air. 


If. pump  still  doe«  not  work, 
remove  and  repair. 


Exercise  5 


Locate  and  Correct  Charging  System  Malfunctions  Without  Sepcial  Test 
Equipment # 


1,  Make  a  visual  inspection  of^ 
wires  and  connections  in  $he 
charging  systenw 


1.      The' ammeter  can' be  checked  by 

simply  turning  on  lights-  and  noting 
discharge. 


11 

10G  . 


Check  .at  tie  rat  or  drive 'belt 
tension*  . 

.  v  — -  »  ~  i  *  -   --.  

RMDve  generator  Inspection 
cover  and  Inspect  brush 
contact*  and  commutator 

condition. 

Hots:    if  no  cover  bend, 
Inspect  through  end  frame. 

Check  condition  of  battery. 


Make  e  current*  outpuftest 
("A"  circuit)  on  engine. 


Make  sure  all  lights 
or  .accessories  are 
turned  off. 


2.      Sst  as  specified. 


3. 


Signs  of  thrown  solder  on  covef 
indicates  sn  overcharging  o°r 
possibly  a  burned  out  generator.  *~ 


5. 


A  shorted  out  battery  .does  net 
take  a  charge .  ■  ■ 

Before  making  any  checks,  determine 
whethjjr  the  generator  is  grounded 
externally  or  internally. 

a.     This  does  not  apply  if  engine 
trainer  is  used. 


Disconnect  end 
Ground 


Regulator 


battery  Lssd 


Generator 

Figufe      7.    Connections  for  Making  Generator  Output  Test  ("A''  Circuit). 

b  { 


b.      Make  the  proper  hookup, 
figure  7. 


c.      S^art  engine  and  gradually 
'  Increase  its  speed  until 
.  ammeter  indicates^  at" ieaajt 
25%. above  rated  generator 
output. 


d.      Stop  the  engine. 


Warding:    If  feed  is  not  dis- 
connected from  field  terminal 
6f  double  contact  regulators, 
the  upper  set  of  contacts  will 
burn  instantly  J 


c.  If  generator  does  not  produce 
its  rated  maximum  output,  check 
generator  further  .Wy determine 

.  the' cause  of  low  output.  If 
generator  produces  ss  speci- 
fied, check  regulator. 

d.  Caution:    Rem>ve  test  leads 
as  s&on  as  test  Is  completed 
to  prevent  overheating 
generator; 


>  Regulator 


Battery  i-a*d 


'generator 


V 


Figure  8.    Connections  for  Making  Generator  Output  Test  (  B"  Circuit)* 


6*    »  Perform  a  current  output 

test  ("B"  circuit)  on  engine* 

a.     Connect  leads  as  shown 

in*  {figure  8*> 


b.      Start  engine  and  increase 
speed  to  approximately 
1,500  rpm. 


6, 


a.      A  jumper  lead  is  connected 
from  armature  to  field  at  * 
the  generator! 

b;      If  generator  is  charging.. 

trouble  is  in  the  current  or 
Voltage  limiter*    If  there 
is  no  generator  output* 
check  the  generator  further. 


c.      Stop  engine  and  dis- 
connect jumper. .  { 


c. 


Polarize  the  generator. 


7*      After  polarizing,  reaccomplish 

output  test.    If  still  no  charge , 
remove  generator  for  disassembly 
and  bench  test. 


a.      Disconnect  armature 
lead  at  regulator  and 
touch  It  to  battery  * 
lead. 


a . 


8: 


Note:    "B"  circuit 
generators . 

Have  the  Instructor  check  the 
job. 


8.      Instructor's  initials 


V 


\ 


Exercise  6 


Locate  and  Service  Cooling  System  Malfunctions  Without  Special  Test 

^  - 


Equipment,  v 

1- 


Check  the  hoses  and 
connections . 


1.      Hoses  may p deteriorate  and  collapse 
or  become  clogged  to  prevent 
adequate  passage  of  coolant. 


Sote.v  Check  ey  squeezing 
.  ^    the  .hqf.ee  b$  hand. 

  * 

2.*'    Check  operation  of 
thermostat  (s)\ 


2*. 


V    3.    "Che*!*;  condition  of  coolant. 

4.  visually  .chefk  radiator 
cores . 

#  * 

5.  Noq^Abe  radiator  pressure 
instructor  check  the 


3. 


4, 


5. 


Run  engine  and  observe  temperature 
gauge.    Engine  should*  reach  operating 
temperature  within  a  short  time. 
It  should  not  overheat  during 
operation.  '  V 

Appearance  of  coolant  may  indicate 
rust  and  scale ; 


Always  be  sure  the  correct  cap  is 
used. 


6*.      Instructor's  initials: 


^Locate  and  Service  Lubricating  System 
Equipment. 


Exercise  7  ^ 
Malfunctions  Without  Special  Test 


1.     Check  the  appearance  of 
the  oil  on  dipstick. 


2.  Note  oilv pressure  when  > 
engine  is  started.  , 

3.  Note  oil  pressure  after 
engine  is  normalized. 

A.      Have  the  instructor  check 
the  projects . 


1. 


2. 


3. 


Note  Whethertit  is  thin*  dirty, 
thick,  or  has  sufficient  body. 


4.      Instructor's  initials: 


Chicle*  Maintenance  Branch  *  '    .  3iBRA7330-WS-A02 

Chanute1AFB\  Illinois  *  •   "  *  % 

SCIENTIFIC  TUNEUP  OF.  MECHANICAL,  $AXTERY,  IGNITION,  FUEL  •  *  '. 
tUB  1(1  CATION,  COOLING,  AND'  CRANKCASE.  VENTILATION  SYSTEMS^- 

Objectives  i  •  ,  "     V-  V  * 

When*  you  have  completed  the  exercised  in  this  worksheet  you  will  be  able  to: 

~"        Recognize,  isolate,  and  ^djust  engine  p*erforJ^fice  of  the  engine. mechanical 
systems,  > fuel  air  systems,  starting  systems,  charging  systems*  and  ignition 
system*  by  using 'the  required  test  equipment,  common  hand tools,  and  special 
tbols.    '  '  . 


Obi 


>serve  'safety  precautions  and  use  applicable  technical  publications 
t  SHIPMENT  *       »#  • 


.  ..Live  Engine  *  \ 

Engine  Analyzer 

Mechanics  Har^dtools  .  .  ,% 

Special*  Tools  1 

PROCEDURE  '     .      "  " •  ^ 

Using  the  wortehteei^as  a  guide  for  s tap --fiy^tep  procedures  and  important  * 
information,  perform  each  task  listed  and  read  the  information  aljout  it  where 
applicable  in  the  following  exercises  ancl  a*  directed  by  the  instructor'. 

• 

Exercise  1  ■ 


Inspect  the  3attery>and  Starting  System. 

f 

1.      Observe  all  safety  pre-,  1. 
cautions  applying  to" the        *  . 
project. 


4-  * 


Obtain  the  necessary  2.      List  equipment  required, 

handtools  and  test  .  *  i  * 

equipment. 

3.  Obtain  the  necessary     •  -  ^    3.      Vist  reference  used, 
technical  j publications .      "     '      *  ~j 

,  '  '   ,  "* 

4.  Visually  inspect  the  y  4*  ^ 
designated  .battery^                  x' *  %  *  „ 

a.     ^Check  battery  top  ^  a. 


for  s^lrt  or-  acid. 

b.      Check  cell  yents.  /  b.      Make  sure  vents_are  open. 
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k    c.     Check  cell  covert.        %%  . 
-5*     Ttkm  a;  specific,  gravity,  reading.-  £• 


\ 


c.  ,   Cracks  and  warpage. t 

If  electrolyte  level  ia> low,  add-" 
water  to.  the  "proper  level,  but  do  ^ 
not  atteopt  to  test  at  this  time,  . 
figure,  9.' 


Figure  9.   faking  Specific  Gravity  Reading  of  a  flattery  With  Battery  Hydrometer 
1  (A  Cloaeup  View  of  1,280  Reading  is  Showrffet  The  Right.)  » 


a. 


b. 


d. 


e. 


/ 


Using  battery  hydrometer 
as  shown  in  figure  9* 
remove  sample  of  electrolyte 
from  cell. 


Holding  battery  hydrom- 
eter upright,  observe 
float  reading  at  eye  level. 


Note  the  electrolyte 
temperature. 


Determine  final  float 
reading. 


Using  the  above  pro- 
cedure 9  take  reading 
of  all  cells  and  record 
readings  in  space 
provided.  - 


a. 


b. 


d. 
t 


e. 


Remove  enough  fluid  to  allow, 
float  to  remain  clear  ol  top* 
and  bottom  of  tester.    Do  * 
not  remove  hydrometer  from  * 
th$  cell.  , 

This  prevents  the  float  from 
touching  the  side  of  tester* 

♦  ,  * 

Add  4  points  (.004)  specific 
gravity  to  float  reading  for 
each  10  degrees  above  80*  F. 
Subtract  4  points  (.004) 
specific  gravity  from  float 
reading  for  each  10  degrees 
below  80°  F. 

Reading  Obtained: 

^Specified  reading:  X 


Cell  Hi 
Cell  #5: 
Cell  #6: 


FRir 
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III 


Service  Che  battery, 
a.     Neutralize  acid. 


b.  Flush  4ith  waiter  and 
thoroughly  dry 'TN* 

c.  Painty  battery  holddown 

and  case,  *. 

<■  • 

d.  Coat  outside  of  battery 
terminal  cables. 


Visually  inspect  the  starting 
system  .of  the^  designated 
starting  system.  1  ^ 

a.      Check  cables. 


b.      Check  all  connections . 


c.      .Check  the  starting  mo.tar. 


Have  the  instructor  check  the 
job. 


6. 


a. 


b. 


d. 


Use  a  solution  of  baking  soda 
and  water. 

•  * 

Make  sure  that  none  of  the 
solution  enters  the  battery. 

Use  acid-resistant  paint  which 
prevents  corrosion.    .  •' 

Use  a  thin  coat  of  petrolatum 
jelly  or  vaseline.  This 
retards  corrosion. 


7s 


a. 


b. 


c . 


Look  for  frayed  insulation  or 
broken  strands. 

Check  for  looseness  and 
corrosion.  > 

This  is  a  visual  check  of  the 
brushes,  commutator,  and* 
mountings . 


8.      Instructor's  initials 


*  •  •   *  Exercise  2 

»         .  * 

Inspect ^and  Service  the  Charging  System. 


Observe  the  applicable  1 
safety  precautions. 

Obtain, the  necessary  tools.' 

Check  the  generator  mountings 

Check  the  bel,t(s) .  ,  . 


*  1. 

.2. 
3. 


r 


Check  the 
condition. 


Check  regulator  mounting/^ 


4.  *  Thoroughly  check  the  qondition.-' 

Make  sure  beltj[s)  has  the  correct 
tension.     (Always  refer  to 
Vehicle  manual. )  ,  Record  belt    •  -«.. 
deflection: 

*  - 

Record  specified  deflection: 

5.  Visually'  check  brushes,  cotptmtator 
condition,  and  Internal  clpanliness. 


6, 
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Check  all  wiring^nd 
connection*  *  X~~ 


v  • 


Service  the  designated 
charging  system*  , 


Have  the  Instructor  check  the 

job .  / 


7, 
8. 


Check  for  loose  or  corroded  con- 
nections and  condition  of  wires* 


This*  consists  of  correcting 
troubles  found,  dutlng 
of  the  system. 


ctlng  anyl 
the  inspection 


9.      Ins t rue t or' s- initials: 


JJxercise  3 

i*  '  .  . 

Determine  Condition  of  Engine  Mechanical  Systems.'  . 

Note:    The  basis  of  good  performance  depends  on  the  condition  of  the  engine.- 
The  following  tests  tell  the  experienced  mechanic  very  mucH  concerning  the 
condition  of  the  engine.  . 


Determine  all  applicable 
safety  precautions . 

Obtain  the  necessary 
tools  and  equipment. 

To  insure  safe  damage-free 
operation,  prior  to.  starting  the 
engine  and  performing  tuneup  ' 
of  the  engine,  check  the 
following  items.  • 

a.  Engine  oil  level«  : 

b.  Coolant  level. 
cVv  Fuel  or  ^11  leak. 

A.\  .^Lines,'  fittings  and  filter?. 

e.  Manifold  heat  control, 

j 

f.  Crankcase  vent  system. 

Operate  engine  until  normal 
operating  temperature  is  . 
reached. 

•         '  "  •■-•,'* 
Test  compression  on 
designated  engine . 


1. 


2.      List  tools  and  equipment. 


a. 
b. 
c . 
d. 
e . 
f . 


V 


4. 


No  hookup  or  specific  procedures 
will  be  given  at.e&is  time;* 
Always  use  the  procedures  as 
lven  in  the  commercial  manual 
applying  to  the  test  equipment 
being  used.    The  student  should 
use  the  note  column  for  recording 
any  notes  pertaining  to  the 
tests  that  are  actually  made. 


v 


From  %the  following 
compression  test  indication 
determine  the  possible  trouble. 

a.  Low  compression  on  first 
stroke,  builds  up  on 
following  strokes,  byt 
never  to  specified  amount. 
Improves  when  oil  is  added. 

b.  Low  compression  on  -/ 
first  stroke  does  not 
build  up  on  following 
strokes  even  with  oil  < 
added. 

c.  Same  indication  as 
above  on  two  adjacent 
cylinders  - 

d.  Compression  pressure  . 
higher  than  specified. 

\ 

Perform  cylinder  leakage  test. 


6. 


j 


Have  the  instructor  check  the 
job. 


Type  of  equipment  used: 
Reference  used: 

Specified  compression  .pressures : 

Headings  obtained: 

In  the  spaces  provided  below, 
give,  the  possible  trouble. 

a.      Possible  trouble: 


b.      Possible  trouble: 


Possible  trouble: 


d.      Possible  trouble: 


7.  If  certain  test  equipment  is  avail- 
able, this  test  may  be  accomplished. 
However,  if  it  is  not  available, 
disregard  this  project.    This  test 
is  becoming  very  important  and  is 
made  to  determine  the  percentage 

of  leakage  in  individual  cylinders. 
Also,  the  leakage  can  be  pinpointed 
to  a  certain  location.  Refer 
to  test  equipment  manual  for  hook- 
t  up  and  "testing  procedures.  * 

8.  Instructor's  initial^:  „  


'  W  *  Exercise  4 

Perform  a  Visual  Inspection,  .Service,  and,  Instill  Spark  Plugs  • 


Observe  applicable  safety 
precautions . 

Obtain  the  necessary  tools 
and  equipment. 


1. 


\ 


\ 


2.      List  equipment  required. 
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3.  .  Obtain  the  applicable 
technical  publications 


3.      Reference  used: 


*  .^/Visually  check  the  gasket 
appearance  and  determine  if 
plug  was  Installed  properly. 

a.  Correct  Installation. 

b.  Plug  Installed  too  loose. 

c.  Plug  Installed  too  tight. 

5.     Analyze  the  spark  plug  oper- 
ating conditions  by  checking 
the  insulator  deposit  or 
condition* 

> 

6*   —Determine  the  spark  plug 
serviceability* 

7.      Inspect  physical  condition 
of  spark  plugs. 

r 

a.    .  Electrodes . 


b.  Insulator. 

c.  Shell  and  insulator  seals 
8 .  *  Service  the  spark  plugs . 


Figure  10.    cleaning  Spark  Plug. 


*. 


5. 


7. 


8. 


In  the  space  provided  beloi^^, 
explain  what  Indicates  ttie'oTr'ferent 
plug  installations. 

a.  Indication: 

b.  Indication: 

c .  Indication: 


6.      Were  spark  plugs  serviceable. 


a.  Record  findings: 

Note:    If  electrodes  are 
reasonably  squares  plugs  may 
be  serviced  if  other  factors 
are  correct. 

*? 

b.  Record  finding: 

c.  Record  findings: 


Figure  11.    Filing  Electrode. 
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Sandblast  flreing  end 
of  plug*  figure  10. 

*  « 

Clean  upper  ins  ill*  cor 
end  threads. 


e.     Do  not  overdean.    Cleen  ee 
ltis  true  ted. 

b.     Never  use*  wire  brush  to  cleen 
insulator.    Bend  wir**  brush 
"  may  be  need  to  clean  threede.  % 
Wipe  upper  Ineuletor  with  cloth 
end  solvent. 


File  electrodes, 
figure  11. 


Use  a  point  file.  File 
electrodes  until  the  gap  aree 
is  flat. 


Figure  12.    Resetting  Spark  (Jap,  Using  Speprk  Cappirjg  Tool. 

\  ; 

d.      Set  the  spark  gap,  d.      Set  according  to  specifications. 

figure  12.  < 

Note:    use  suitable  adjusting 
tool,    Bend  ground  electrode 
omly. 

Install  spark  plugs  in  engine.         9.      Clean  seats,  and  on  plugs  which  - 

requiVe  gaskets?  use  new  ones. 
Normally  plug  should  be  started' 
into  .cylinder  by  fingers  unless 
otherwise  specifiedVv  Tighten  plugs 
specified  amount'.    Record  specified 
torque. 

Have  the 'instructor  check  the        10.^    Instructor's  initials:  . 
Job. 

•  •  .  - 

Exercise  5 

Visually  Inspect  and  Service  the  Primary  Ignition  Circuit. 

Observe  applicable  safety  1. 

precautions.  t 
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2.  List  tools  and  equipment. 

3.  Reference  used; 


4. 


5. 


Obtain  ths  necessary  \ 
hand  tools  sad  equipment.  ** 

6b tain  ths  necessary 
cachnical  publications. 

Check  the  primary 
ignition  circuit 
connections  * 

Clean' and  tighten 
connections . 

Check  circuit  wiring. 

Have  the  instructor  check  the 
job. 

.    .         Exercise  6 
Visually  Inspect  the*  Ignition  Distributor  and  Lubricate. 

Observe  all  applicable  1. 
safety  precautions . 

Obtain  the  necessary 
tools  and  equipment. 

t 

Remove  distributor  cap 
and,  check  the  following: 

a.   1  Points. 


Ths  connections  are  located  at  the 
distributor  coll.  primary  terminals, 
res is*tor  (when  used),  hofn  relay/ 
ignition  switch,  and  ammeter* 


6.  Repair  or  replaclf  any  faulty  wiring. 

7.  '    Instructor's  initials:  . 


2. 


3. 


b .  Cam. 

1 

c .  Leads . 

d.  Advance  mechanism. , 
Lubricate  the  distributor. 


Normally  two  clips  hold  cap  in 
place. 

a.  A  quick  check  can  be*  made  to 
determine  If  points  are  burned 
or  p^ted. 

b.  Damage  may  occur  because  of 
lack  of  proper  lubrication. 
Check  for  evidence  of  burning 
or  scoring. 


d.     Check  for  looseness  or 
tightness. 


4.  Lubricate  as  specified  by  the 
manufacturer.  ■ 

5.  Instructor's  initials:   


Have  the  Instructor  check  the 
job . 

Exercise  Z 

Visually  Inspect  and  Service  Secondary  Ignition  Circuit. 

'  Observe  all  safety  1. 
/   precautions  applying  to  o 
f    project.  •  H  c 


Obtain  the  necessary  tools 
and  equipment. 

Obtain  the  applicable  . 
technical*  publications  ■  . 

r 

Visually  Inspect  the 
following: 


a.  Rotor; 

b.  Cap. 

c .  Cables  • 


2*  List  tools  and  equip&ent. 
3.      Reference  used; 


d.  Coll. 


/ 


Claan  coll  tower,  high- 
tension  wires,  and  Inside 
of  distributor  cap. 

Service  or  replace  any 
defective  parts.  c 

Have  the  instructor  check  the 
job. 


4.  A  close  examination  of  the  secondary 
circuit  may  uncover  defects  respons- 
ible for  poor  engine  performance . 

a.  Check  for  cracks,  carbon  tracks 

and  contact  condition. 

b.  Same  as  for  paragraph  a. 

c.  Check  condition  -  deteriorated 
insulation*  and  corroded, 
terminals. 

#  i 

d.  Check  for  cracked  on  corroded 
tower  terminal. 

5.  Use  lint  free  cloth. 


6.  .If  Item  is  found  unsatisfactory, 

service  as  required. 

7.  Instructor's  initials:  -■  


Exercise  8 

Make  a  Visual  Check  and  Service  the  Cooling  System, 

1. 


Observe  all  applicable 
safety  precautions. 

Obtain  the  necessary  tools 
and  equipment. 

at 

Obtain  the  applicable 
publications. 

Visually  Inspect  the 
following  cooling  system- 
components  . 

a.  Radiator. 


2.      List  equipment  required. 


3.      Reference  used: 


A  thorough  inspection  may  show 
troubles  responsible  for  engine 
X  rouble. 

a.     Check  for  leaks,  clogged  air 
and  water  passages,  and 
•  cleanliness. 
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b.     Water  puap. 


5. 
6. 


*  •  1. 
2. 
3. 
4. 

5. 
6. 
7. 


d%     Water  puap  drive  bait. 


Smrvice  the  cboling  system. 

Have  the  instructor  check  the 
job. 


5. 
6. 


b.  Check  for  leaks.' 

* 

c.  After  a  period  of  time, 
deteriorate,  and  nay  collapse 
or  brtek.    All  connection* 
should* be  checked.  v 

d.  Check' for  condition  and  amount 
of  tenalon.    Always  sat  belt 

co.  manufacturer's  spec!  fleet  Ion. 


Inatructor' s  Initials: 


Exercise  9 

Inspect  and  Service  the  Fuel  and  Exhaust  System. 


Observe  all. safety  »  < 

precautions . 

Obtain  (ha  necessary  tools, 
equipment,  and  publications. 

Check  cerburetor  settings. 


Check  carburetor  for 
cleanliness  end  tightness 
of  assembly  screws . 

Check  for  fuel  leakage 
at  the  carburetor.  . 

Check  filter,  lines,  and 
connections  of  fuel  system. 

Check  fuel  pump. 


8.      Heat  control  valve  operation. 


9.     Check  engine  ventilation. 

10.  Check  the  air  cleener. 

11.  t  Check  the  complete  exheust 
*  system. 


12. 


Service  the  above  com- 
ponents ea  required. 


1.. 
2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 

12. 


Thia  Include*  choke  setting,  Idle 
spaed  and  mixture,  etc. 


This  Includes  the  mounting  and 
leakage  (fuel  and  oil) . 

Check  for  freeness,  thermos te tic 
spring,  and  counterweight. 


Tighten  all  manifold  bolts  to 
specification. 


S 
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13.     Have  the  instructor  chetck  the         13.    Instructor's  Initials:,   

Job. 

j>  .  ,  Exsrclss  10 

■  • 

Per  for*,   hs  Tune  up  Test*  la  Sequence*  Using  Tsst  Equipment. 

.  *?fcte:    Ths  information  included  in/this r worksheet  will  serve  es  e  guide  for- 
pejrforming  s  tuneup  on  e  vehioAeriftecauee  of  the  different  type*  of  test 
—equipment  that  may  be  used,  the  test  equipment  menufscturer 's  instruction 
manual  should  be  consulted  ior  test  procedures.  . 


1.     Observe  applicable  safety 
precautions . 

2.1*  Obtain  the  necessary  tools 
and  test  equipment. 

3.  Obtain  the  applicable 
publications . 

4.  Prepare  equipment  for  use; 


1 


*"*    5.  -  Warm  up  the  designated 
engine. 


6.    ,  Perform  the  cranking 
voltage  test. 


a.      Connect,  voltmeter. 


b.  Connect  a  jumper  wire  ■ 
to  distributor  terminal  . 
of  coll  and  to  ground  on1 
engine. 

c.  With  switch  on,  crank' 
engine  for  approximately 
15  seconds . 

d.  Observe  voltmeter  read-  - 
ing  and  cranking  speed  . 
and  compare  to- 
specification*. 


1. 


3. 
4. 


List  type  of  equipment  used. 
Reference  used: 


The  test  equipment  must  be  set  up 
and  connected  according  to  manu- 
facturer's recoomendetlons . 

Engine  operating  temperature  must 
be  obtained  before  proceeding  with 
test'  series. 

This  test  is  made  to  determine  the 
starting  system  condition  and  the 
vol  tage  applied  to  tfce  coil  while  . 
cranking.    The  voltage,  should  be 
high  and  cranking  speed  normal. 


9- 


Connect  positive  leed  to 
battery .terminal  ballast 
resistor  and  negative  lead 
to  a  good  ground. 


b.* 


c. 


d. 


Readings  obtained: 
Voltmeter 


£,  ranking  speed  1  

Specified  readings: 
Voltmeter  .  j> 


Cranking  speed 
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\ 

i 


v 


A  " 


If  faulty  conditions  are 
indicated,'  perform  the 
following  tests  to  pinpoint 
troubles.      '  l 

(1)    Battery  high  rate 
discharge^  test. 


V 


too  tar  If  tha  voltmeter  read- 
ing is*  leas  than  specified 

•  (9.0),  or  cranking  la 'uneven 
or  alow,  the  •  tar  ting  ays  tan 

,  6r  ignition 'primary  circuit 
is  faulty.    In  this  caae 
further  tests  are  made  in 
sequence. 

When  making  the  following  tsesta 
always  consult  the  test  equip- 
ment manufacturer's  manual 
for  procedures.' 

■   (1)    Specific  gravity  "must 
be  1.210  or  higher,  and 
electrolyte  temperat^te- 
60*  F  or  above. 


(2)    Starter' amperage 
draw"  tes,t. 

•  :     V  v 


(3)  Starter 
circuit 


insulated 
test..  „ 


(4) 


a? 


Starter 
circuit 


ground 
test. 


(5) 


Ignition  primary 
circuit  test. 


(2)  If  amperage  draw  is  below 
specifications,  and  crank - 

■  ing  speed  is  slow,  itv 
indicates  faulty  brush 
or  commutator,  high 
resistance  in  field  or 
,  armature  circuit.  If 
k amperage  draw  is  higher 
than  specified,  and 
.  cranking  speed  Is  alow, 
\it  indite  tea  aborted 
circuits,  armature 
rubbing  pole  shoes,  or 
other  mechanical  drag. 

* 

(3)  When  voltmeTBk  reading 
exceeds  .3  volt,  high 

-  resistance  in  starter 
insulated  circuit  is 
indicated. 

(4)  If  voltmeter  reading 
exceeds  .2  volt^,  it 
indicates  excessive 

/voltage-  loss  in  starter 
ground  circuit*. 

(5)  A  faulty yrgnitlon  primary 
circuit  is  indicated  by  ' 
a  reading  wlilch  exceeds 

volt  and  Varies Hrtien  A 
spl-tch  is  operated. 


7.      Perform  a  .'distributor 

.  resistanoe  tut*  using  ths 
procsdurss  ss  outlined  in 
the,  test  equipment  manu- 
facturer's manual. 


7. 


This  test  indicates  the  condition 
of  the  ignition  primary  circuit 
f rot  tn*  -coil  through  the  distributor 
ground.    If  the  reading  is  not  as' 
specified,  'pinpoint,  the  nigh  resist- 
ance as  given  in  manufacturer's 
manual. 


8.-    Perform  a  dwell  test  as 
prescribed*  by  the  equip- 
ment manufacturer's 
manual . 


8.  . '  This  test  indicates  the  number  of 
degrees  of  distributor  cam  rotation 
during  time  the  points  remain  closed 
for  each  ignition  cycle.    If  incorect 
dwell  reading  is  obtained,  incorrect 
point  gap,  defective  cam,  worn 
rubbing  block  or  distorted  breaker 
arm  is  indicated  for  pinpointing 
trouble,  refer  to  distributor 
test  section  of  applicable  test 
equipment  manual. 


9.  Set  the  ignition  timing, 
using  necessary  test 
equipment . 

10.  Perform  ignition  advance 
test  according  to  test 
equipment  manufacturer's 
manual . 


9.      The  timing  must  be  set  to  specifica- 
tions,*   Use  test  equipment  as 
specified  by  its  manufacturer, 

10.      This  test  indicates  whether  or 
not  the  distributor  advance 
mechanism  is  advancing  ignition 
timing  as  specified* 


a.  If  reading  is  not 
within  specified  range, 
remove  distributor. 

b.  Inspect,  service,  test, 
and  calibrate  distributor, 
and  reinstall. 


11,    Perform  a  secondary 

<  .circuit  resistance  test 

as  prescribed  by  the 
— '  test  equipment  menu* 
facturer's  instruction 
.manual  •  N 
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Note:    Test  equipment  for  making 
this  test  may  not  be  available* 
If  not,  disregard  this  project* 
If  equipment  is  available,  make 
test  according  to  equipment 
manufacturer's  manual* 


a. 


b.      Refer  to  equipment  manufacturer's 
manual  for  procedures  of  making 
distributor  tests  and  calibration 
with  distributor  removed  from 
engine. 

This  test  indicates  the  amount  and 
polarity  of  current  reaching  the 
spark  plugs.    If  readings  are  uneven 
or  less  than  specified,  high 
resistance  exists  in  the  secondary 
circuit.    To  pinpoint  the  trouble 
if  the  test  Indicates  faulty  opera* 
tlon,  refer  to  coil,  condenser, 
and  circuit  tests  in  the  applicable 
manual.    These  tests  are  made  in 
sequence  as  given  below* 


J  90 
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12.    Perform  the  ignition 

secondary  insulation  tost 
ss  prssuf ised  by  tho 
•  applicable  tost  equipment 
instruction  manual. 


12.    This  test  indicates  coil  output 
and  >  condition  of  secondary  circuit 
Insulation.    If  test  indicates* 
faulty  conditions,  refer  to  coil, 
condenser,  and  circuit  tests  in 
applicable  manual. 

Note:   'The  following  tests  should 
be  .made  in  the  sequence  as  given 
when  the  tests  of  the  secondary 
circuit  Indicate  need  of  further 
tests . 

  Caution:    Always  conduct  a  thorough 

visual  inspection  before  performing 
tests.'  Excessive  rotor  gaps 
account  for  low  readings.  This 
cannot  be  pinpointed  with  conven- 
tional test  instruments. 


a.      Perform  coil  capacity 
test. 


a.  «  Conduct  tests  according  to 
manufacturer's  instruction 
manual. 


b.      Perform  coil  secondary 
resistance  test. 


b. 


c.      Perform  secondary 

circuit  insulation  test. 


c. 


d.      Perform  circuit 
resistance  teste 


d. 


e.      Perform  condenser 
resistance  test. 


f .  Perform  condenser 
capacity  test. 

g.  Perforin  condenser 
leakage  test. 

he  Perform  coil  primary 
ancl  ballast  tests  tor 
test* 


f .      f .  ^ 


g. 


h. 


13.    Perform  a  charging  voltage 
test  in  accordance' with  the 
applicable  instruction  manual. 


14 e    Set  the  idle  speed  and 
mixture  to  specified 
settings. 


13. 


9 
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14. 
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This  test  indicates  the  overall 
condition  of  the  charging  system. 
Refer  to  test  equipment  manu- 
facturer's* manual  for  procedures 
on  testing  and  servicing. 

Use  test  equipment  manufacturer's 
manual  for  procedure  on  testing 
carburetor,  intake  manifold,  valve 
timing  and  valve  lift. 


12.3 


J.5.    Disconnect  test  leads  from  IS. 
vehicle. 

16.    Have  the  instructor  check*  16.    Instructor's  Initials:*  

the  project. 

* 

You  have  now  completed  the  Held  and  Scientific  Methods  of  Engine  Trouble 
shooting  and  Tuneup,  now  you  will  further  diagnose  engine  and  power  train  per 
formance  by  the  use*  of  the  Chassis  Dynamometer  and  the  Universal  Engine 
Analyzer.  • 


Vehicle  Maintenance  Branch  3ABR47330*WS-403 
Chariute  AFB,  Illinois 

TUNEUP  AND  -TROUBLESHOOTING  USING  DUGNOSTIC 
TEST  EQUIPMENT  (SIMPSON  UNIVERSAL  ENGINE  ANALYZER)        %  .  ' 

OBJECTIVES  '  <  J  ■ 

Upon  completion  of  this  worksheet  you  will  be  able  to:  . 

t  c. 

m  \  .    -  , 

Recognize >  Isolate ,  and  adjust  performance  of  the  engine  mechanical  systems, 
battery  starting  and  charging  systems,  ignition  timing  and  (foil  testing,  by 
using  the  Simpson  Universal  engine  analyzer. 

EQUIPMENT  *  "  \  \ 

Engine  with  all  accessories  . 
"  Simpson  Universal  engine  analyzer  >^ 
Handtools  and  special  tools 

PROCEDURE  .  '  ' 

Using  the  necessary  tools.,  equipment  and  publications ,  complete  the 
following  exercises;  *  I  '  ^ 

_  .* 

BATTERY  AND  STARTING  SYSTEM  TESTS  _ 

Preparation  for  Tests 

1.  ,   Start  engine  and  operate  at  fast  Idle  wlt^  hood  closed  until  engine 
and  battery  are  at  normal  temperature.    Stop  fengine,  tv  f 

i  t  * 

2.  Remove  coil  high  tension  wire  ,ftom  center  terminal  of  distributor  ' 
cap  and  ground  to  engine  block.  *        ^  jf 

3.  Connect  'Handi-Start11  test  leads  to  battery  and  starter  relay  or 
solenoid;  red  to  insulated  battery  terminal  and  black\to  switch  control  terminal. 
Do  not  connect  blue  ignition  lead  or urn  ignition  switch  on. 

4.  Connect  battery  Lo€^erM  ammeter  and  voltmeter  test  leads  to  battery 
posts;  red  to  positive  and  trlack  to  negative.  ^ 

■* 

Caution:    Befare  connecting  test  leads  to  battery,  be  sure  load  control' 
knob  is  in  full  counterclockwise  position. 

Note:    When  more  than  one  battery  is  used,,  connect  test  leads  to  one 
battery  only.  A  * 

-  5.      Set  MVOLTS-AMPSM  selector  switch  to  "AMPS"  position  and  voltage 
selector  switch  to  "16  VOLTS1'  pqsition,  • 

r  "  - 

Battery  High  Rate  Discharge  Test 

«  # 

1.      Turn  load  control  knob  clockwise  until  meter  reads  the  battery  ampere- 
hour  rating  specified  by  the  vehicle* manufacturer . 
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2.  '  Set  "VOLT-AMPS",  selector  switch  to .the  "VbLTS"  positions.    Meter  , 
should  not;  read  loss  than  tho  specified  minimi*;  4.  $  volts  for  6*-yplt  batteries 
or  9.6  volt*  for  12-volt  .batteries.  4 

•  »  • 

t  .  :  • 

Caution;    Do  not  exceed  15  seconds  for  discharge  test. 

« •  ■  '  > 

3.  Turn  load  control  knob  t9  full  counterclockwise  position  and  proceed 

with  next  test*  •  l 

.  * 

Note:    When  more  than  one  battery  is  used,  repeat  steps  1,  2,  and  3  for 
each  battery.  * 

*         t  * 

Starter  Amperage  Draw  Test 

1.  Using  "Handi-Start,"  crank  engine  momentarily  and  observe  exact  volt- 
age reading  on  meter  while  the  engine  is  being  cranked.    Stop  cranking. 

2.  Turn -load 'control  knob  clockwise  until  the,  meter  reads  exactly  the 
same  voltage  as  when  the  engine  was  being  cranked.  r 

3.  Set  "VOLT-AMPS"  selector  Switch  to  "AMPS"  position  and  "Tead  meter 
for  starter  amperage  draw.    Unless  otherwise  specified,  starter  amperage  draw 
should  be  within  range  indicated  by  green  band  marked  "STARTER." 

4;      Turn  load  control  knob  to  fuil  counterclockwise  position  and  proceed 
with  next  test. 

.  *  *  .•  ' 

Note:  When  more  th^n  one  battery  is  used,  it  is  only  necessary  to  perform 
this  test  on  one  battery.  v 

\  .  , 

Battery  Cable  and  Switch  Test  * 

•  * 

t. 

■    1.      Disconnect  voltmeter  lead  from  grounded  battery  post  and  connect  u 
field  terminal  of  starter  motor. 

2*     Set, "VOLT-AMPS"  selector  switch  to  "VOLTS"  position. 

Note:    Voltmeter  will  read  off-scale  to  right  when  system  voltage  is 
higher  than  12  volts.    This  will  not  damage  meter. 

3.  Using  Handi-Start,"  crank  engine  while  observing  meter.  Unless  other 
wj.se  specified*  voltmeter  reading  should  not  exceed  the  total  of  the  following, 
depending  on  system  voltage. and  number  of  components  in  circuit  being  tested. 

a.  Each  cable:    6-volt  -  .1  volt;  12-volt  -  .2  volt. 

* 

b.  vEacti  switch:    6-volt*-  .1  volt;  12-volt  -  .1  volt. 

c.  Each  conneeticV.    6-volt  -  .0  volt;  12-volt  -  .0  volt. 

4 

Note:    For  24-volt  system,  refer  t<\  applicable  technical  order  or  manual. 

*  m 

*  . 
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■Starter  Contr^J  Circuit  *Test  *     *        w  Tf^.*  ' 


1.  Disconnect  voltmeter  lean*  from  f ield  ^terminal  of  starter  motor  and 
connect  to  switch-  cqntrol  terminal  of  s  tarter  relay  or  solenoid.  . 

2.  Using  vehicle'.s  starter  switch,  crank  engine  while  observing  meter.. 
Unless  otherwise  specified,  voltmeter  reading  should  not  exceed  0.5. volts. 


Starter  Ground  Circuit  Test  d 


L.     Disconnect  voltmeter  lead  from  control  terminal  of 'starter  relay  or 
solenoid  and  connect  to  grounded  battery  post. 

*  %  * 

2.  Disconnect  voltmeter  ^sad  from^inaulated  battery  .post  and  connect 
to  housing  of  starter  aotdr.         \  i 

3.  uVing  "Handi-Start,"  cra^k  engine  while  observing  mster.  Unless 
otherwise  specified,  voltmeter. reading  should  not  exceed  0.2  volts. 


A.      Disconnect  all  "Battery 1  Loader"  and  "Handi-Start"  test  leads  and 
reconnect  coil  high  tension  wire  to  center  terminal  of  distributor  cap. 

f     ■.  .  f  CHANGING  SYSTEM  TESTS- 

Preparation  of  Tebts     *  1  \  . 

1.  .  Start  engine  ahd  operate  a,t  fast  idle  with  hood  closed  until  charging 
system  is  at  normal  operating  temperature.    Stop  engine. 

2.  Disconnect*  battery  and  field  wttres  from  regulator  battery  and  field 
terminals .  *  |  ^  ** 

Note:    On  waterproof  charging  s$rs terns,  disconnect  generator  cable  at 
generator  and  connect  generator  adapter  FSN  4910-092-9026,  to  generator 
and  disconnected  cable.    Also,  disconnect  battery  cable  at  regulator  and 
connect  regulator  adapter  FSN  491CH  92-9025  to  regulatpr^and  disconnected 
battery  cable.    Set  battery  and  field  terminal  "Connector "links  to  the 
"OPEN"  position  ^nd  armature  connector  link  to  the- "CLOSED"  position. 

3.  Connect  "CHARGING- aATTERY^STARTER  TESTER"  ammeter, \ voltmeter  and  field 
test  leads  as  follows:  if       'i  •  ••  -s 

a.  'Red  ammeter  lead  to  regulator  battery  terminal  and  black  to 
disconnected  battery  wire./ 

*     ,  "x  . 

b.  Red  voltmeter  lead  to  regulator  armature  terminal  and  black  to 

regulator  base  or  ground-. 


c.     One  field  lead  to  disconnect  field  wire  and  other  to  regulator 
afmature  terminal  when  generator """f ield.  is  grounded  Internally  or  to  ground  when 
generator  field  is  grounded. externally . 


Note:    On  waterproof  systems,  connect  rid  umtir  load  to  regulator  adapter 

»*j™*"** .TP* .  **SBJS  to         (imQUi     wSUa  tH  ¥P1  111  III  XOOa 

to  generator  adapter  #1  armature  terminal  and  black  to  regulator  Jbaae' or 
ground.    Connect  fie  :.d  leads  to  generator^  adapter  #1  fiald  ftvLqM  and 
#2  armature  terminal,    To  connect  ana  tar  ]le#ds  to  heavy  duty  or  waterproof 
charging  $ys tana,  use  tha  Mueller  #21C  cojjfpar  battery  clips  provided  and 
connect  the  leads  to  the  clip*. 

* 

4.  Set  "VOLTAGE  REGULATOR  TEST"  switch  to  cha  "DIRECT"  poaltlon. 

5.  Turn  "FIELD  CONTROL"  to  tha  "OPEN"  poaition. 

6.  Turn  "TEST  SELECTOR"' switch  to  the  "80  AMP"  poaition.  . 

•  7.     Set  "METER  REVERSE"  switch  to  the  left-hand  poaltlon  for  negative 

**;  ground  systems;  jto  tha  right-hand  position  for.  positive  ground  systems.  t 

8r     Connect  tachometer  to  engine  as  outlined  in  paragraph  3a(S)  of  this 

worksheet*  -r 

* 

Generator  Output.  Test 

1.  4tkxt  engine  and  adjust  speed  to  1500  rpm  or  to  speed  specified  for 
.  generator  output  test. 

2.  Turn  "FIELD  CONTROL"  co  the  "DIRECT"  position.    Obaerve  meter  reading 
*.   and  compare  to  specifications  for  generator  output r*)  Unless  otherwise  specified, 

generator  output  should  equal  or  exceed  chat  specified  f£r  current  regulator 
setting.  \  .  * 

.  /  ■ 

Cutout  Relay  Test  r-"  <        '  ' 

1.  Turn  "FIELD  CONTROL"  toward  the  "OPEN/position  until  meter  reads 
5  amperes . 

2.  Set  "METER  REVERSE,r  switch  so  meter  reads  off  •scale  to  the  left  of 
zero.  *  \ 

3.  Continue,  to  turn  "FIELD  CONTROL  "toward  the  "OPEN"  poaition  while 
observing  meter  for  current  required  to  open  cutout  relay  contacts.  Compare 
to  specifications  for  cutout  relay  opening  amperage. 

Note:    Opening  amperage  is  the  maximum  meter  reading  obtained  before  the 
pointer  returns  to  zero* 

4a      Return  ,fMjETER  REVERSE"  switch  to  original  position. 
5.     Turn  "TEST  SELECTOR"  switch  to: 

.  a.      "8-V0LT"  position  for  6-volt  system. 

* 

b.  "16-V0LT"  position  for  12-vo It  system. 

c.  "AO-VOLT"  position  for  24-volt  system- 
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6.  '    Turn  "FIELD  CONTROL"  *toward  ''DIRECT"  position  while  observing  meter 
for  yoltege  required  to  close  cutout  relay  contacts.    Compare  to  specifications 
for  cutout  relay  closing  voltage. 

\ 

•■    ■»  ■   ■■  ■  ,         -  i  ■>-   \   

'  a.     Closing  voltage  Is  the  highest  meter  reading  obtained  just  "before 

po inter  deflects  slightly  downs cale. 

"\  b.      If  difficulty  is  encountered  in  determining  cutout  relay  closing v 

voltage  at  1500  rpm,  reduce  engine  speed  to  800-1000  rpm. 

c.      For  other  than  three-unit  regulators ,VreNfer  to  applicable  tech- 
nical manual. 

7.  Turn  "FIELD  CONTROL "  to  the  "OPEN"  position. 
Voltage  Regulator  Test 

1.  Disconnect  fl&ld  lead  from  regulator  armature  terminal  or  ground  and 
connect  to  regulator  field  terminal. 

Note:    On  waterproof  systems,  disconnect  field  lead  from  generator  adapter 
//2  armature  terminal  and  connect  to  #3  field  terminal. 

2.  On  charging  systems  where  generator  field  is  grounded  externally, 
disconnect  red  voltmeter  lead  from  regulator  armature  terminal  and  connect  to  • 
battery  terminal. 

3.  Set  "VOLTAGE  REGULATOR  TEST"  switch  to  the  "TEST"  position. 

4.  Adjust  engine  speed  to  1500  rpm  or  to  speed  specif ietKfor  voltage 
regulator  test. 

5.  Turn  "FIELD  CONTROL"  to  the  "DIRECT"  position  and  allow  meter  reading 
to  stabilize.    Observe  final  meter  reading  and  compare  to  specifications  for 
voltage  regulator  setting. 

* 

a.  On  heavy-duty  or  waterproof  charging  systems,  disconnect  red 

ammeter  lead  from  regulator  battery  terminal. 

>  * 

b.  For  double  contact  regulators,  refer  to  applicable  technical  order 

or  manual. 

6.  Turn  "FIELD  CONTROL"  ta._ttrt^OPEN,f  position. 

r 

Current  Regulator  Test 

1.  Set  "VOLTAGE  REGULATOR  TEST"  switch  to  the  "DIRECT"  position. 

„  •    ■  A; 

2.  Turn  "TEST  SELECTOR"  swifich  to  the.  "g^AMP"  position.        /     .  .. 

v  _   &,  '*. 

Note:    Reconnect  red  ammeter  le#d'to^*jJgJ$^qr  battery  terminal  if  dis-*- 
connected  in  previous  test.  ,v       )*  ■  l 


3.  Turn  "FIELD  CONTROL"  to  the  "DIRECT"  position. 

4.  Adjust  engine  spcsd  to  1500  rpm  or  to  speed  specified  for  current 
regulator  test. 

5.  Turn  on  all  vehicle  lights  and  accessories.    Observe  meter  reading 
and  compare  to  specifications  for  current  regulator  setting. 

c         .  • 
Mote:    If  lights  and  accessories  do  not  provide  sufficient  load  for  current 

regulator  test,  omit  step  5  and  connect  "Battery  Loader"  to  vehicle  battery 

as  outlined  in  paragraph  i,  of  this  worksheet.    Load  battery  until  highest 

reading  is  obtained  on  the  0-80  ampere  scale.    This  is  the  current  regulator 

setting. 

Regulator  and  Accessory  Ground 'Circuit  Voltage  Loss  Test 

1.      Disconnect  ,ied  voltmeter  lead  from  regulator  armature  or  battery 
terminal  and  connect  to  regulator  base. 

Note:    On  waterproof  systems,  disconnect  red  voltmeter  lead  from  generator^ 
adapter  #1  armature  terminal  and  connect  to  regulator  base. 

c 

'        2.      Disconnect  black' voltmeter  lead  from  regulator  base  or  ground  and 
connect  to  generator  housing. 

3.  Adjust  engine  speed  to  800-1000  xg>m. 

4.  "  Turn  "TEST  SELECTOR"  switch  to  the  "4-V0LT"  position. 

5.  Turn  on  all  vehicle  lights  and  accessories.    Observe  meter  reading  and 
compare  to  specifications  for  regulator  and  accessory  ground  circuit  voltage  loss 
Unless  otherwise  specified,  voltmeter  reading  should  not  exceed  0.2  volts. 

6.  Turn  all  vehicle  lights  and  accessories  off  and  turn  "FIELD  CONTROL" 
to  the  "OPEN"  position. 

Ground  Circuit  Voltage  Loss  Test 

1.  Disconnect  red  voltmeter  lead  from  regulator  base  and  connect  to 
grounded  battery  post. 

2.  Disconnect  field  lead  from  regulator  field  terminal  and  connect  to 
regulator  armature  terminal  when  generator  field  is  grounded  internally  or  to 
ground  when  generator  field  is  grounded  externally*  t 

Note:    On  waterproof  systems,  disconnect  field  lead  from  generator 
adapter  #2  field  terminal  and  connect  to  #2  armature  terminal. 

♦3.      Turn  "TEST  SELECTOR"  switch  to  the  "80  AMP"  position  and  turn  "FIELD 

CONTROL"  toward  the  "DIRECT"  position  until  ammeter  reads  exactly  20  amperes. 
♦ 

l3<)- 
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4.     Turn  "TEST  SELECTOR'*  twitch  to  the  ,,4-V0LTw  position.    Observe  ' 
meter  reeding  end  compere  to  specification*  for  ground  circuit  voltage  losV 
Unless  otherwise  specified,  voltmeter  reading  should  not  exceed  0.1  volts. 

Insulated  Circuit  Vol tage  Loss  Test- 

1.     Disconnect  red  voltmeter  lead  from  grounded  battery  post  and  connect 
to  generator  armature  terminal. 

Note:    On  waterproof  systems,  disconnect  red  voltmeter  lend  from  grounded 
battery  post  and  connect  to  generator  adapter  #1  armature  terminal. 

■*  t 

2»      Disconnect  black  voltmeter" lead  from  generator  housing  and  connect  to 
insulated  battery  terminal.  ♦ 

3.  With  charge  rate  adjusted  to  20  amperes  and  "TEST  SELECTOR"  switch 
in  the  "4-VOLT"  position,  observe  meter*  feeding  and  compare  'to  specif  lest  Ions 
for  insulated  circuit  voltage  loss.  >  Unless  etherwlse  specified,  voltmeter 
reading  should  not  exceed  l..<0  volt.  i 

4.  Turn  "FIELD  CONTROL"  to  the  "OPEN"  position* 
Generator 'Field  Current  Draw  Test 

1.  /Disconnect  red  voltmeter  lead  from  generator  armature  terminal  and 
connect /to  generator  field  terminal  when  generator  field?  is  grounded^  internally. 
Leave /ed  voltmeter  lead  connected  to  generator  armaturer*erminel  when  generator^ 
fielu/is  grounded  externally. 

Note: ,  on  waterproof  systems,  'disconnect  red  voltmeter  lead  from  gsneretor 
adapter  #1  armature  terminal  and  connect  to  <fl  field  terminal. 

,     2.      Disconnect  black  voltmeter  lead  from  insulated  battery  post  and 
connect  to  generator  housing  when  generator*  field  is  grounded  internally  or  to 
generator  field  terminal  when  generator  fiejd  is  grounded  externally. 

3.  Turn  "TEST  SELECTOR"  switch  to:  4 

*> 

T 

•    a.'      "8-VOLT"  position4  for  6-volt  system. 

b.  "16-VOLT"  position  for  12-volt  system. 

*  ■ 

■      -■         /  . 

c.  "40-VOLT"  position  for  24yvolt  system.  .     .  „  - 

4.  Turn  "FIELD  CONTROL"  toward  "DIRECT"  position  until* mater  reads 
voltage  specified  for 'generator  field  current  draw.  \ 

.  •  •  •  * 

5.  Turn  "TEST  SELECTOR"  switch  to  the  "FIELD  CURRENT"  position. 

s. 

6.  Observe  meter  reading  and  compare  to  specifications  for  generator 
field  current  draw.  \ 

«    Note:    If  meter  reads  off-scale  to  the  left  of  zero.'change  position  of 
"METER  REVERSE"  switch. 
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7.  Reduce  angina  spaed  to  idle,  atop  angina  and  disconnect  all,  teat 
leads  from  vehicle*    Reconnect  field  and  battery  wires  to  regulator. 


IGNITION  SYSTEM  TESTS 

Preparation  for  Teats 

1.  Start  engine  and  operate  at  'seat  idle  with  hood  closed  until  engine  . 
is  at  normal  temperature.    Stop  engine. 

2.  Disconnect  spark  plug  cables  at  spark  plugs  and/ connect  spark  plug 
connectors  to  spark  plugs.    Connect  cablaa  to  spark  plug"  connectors. 

Note:    On.  waterproof  aya  terns,  disconnect  spark  plug  cable  "at  #1  spark  plug 
and  connect  high-tension  adapter,  FSN. 4910-356-7504,  to  spark  plug.  Con- 
nect die connected  cable  to  adapter.    Loosen  cable  retaining  nuts  at  all 
remaining  spark  plugs,  but  do  not  disconnect  cables. 

3.  Connect  "Hendi-S tart "test  leada  to  starting  and  ignition  aye terns; 
red  to  insulated  battery  post,  black  to. switch  control  terminal  of  atarter 
relay  or  solenoid  and  blue  to  battery  terminal  of  ignition  coil  or  resistor. 

•%     Note:    On  waterproof  systems,  disconnect  primary  cable  at  distributor  and 
6   connect  ignition  unit  adapter,  FSN  4910-356-7508,  to  distributor.  Connect 
primary  cable  to  adapter  and  blue  test  lead  to  exposed  terminal. 

4.  Connect  jumper  lead  to  generator  armature  terminal  and  ground. 

v 

Nj>te:    On  waterproof  systems,  disconnect  generator  cable  at  regulator. 

5.  Connect  "TACH-DWELL- IGNITION  TESTER"  test  leads-  to  ignition  coll  and 
ground;'  red  to  distributor  terminalvand  black  to  engine  block.    Reverse  con- 
nections for  positive  ground  systems. 

» 

Note:    On  waterproof  systems,  Remove  access  plug  from  distributor  cover 
and  install  distributor  primary  adapter,  FSN  4910-356-7492.    Connect  red 
test  lead  to  adapter. 

6.  Turn  "CYLINDER  SELECTOR"  switch  to: 

a.  "8'j  for  8-cyllnder  engines. 

b.  "6"  fpz  6-cylinder  engines.  \  * 
cv.      "4"  for  4-cJlihder  engines.  * 

7.  Turn  "TEST  SELECTOR"  switch  to  the  "CALIBRATE"  position vand  adjust 
"CALIBRATE"  control  until  meter  reads  on  "CALIBRATE"  line  at  right-hand  end  of 
scale. 

r  \  . 

,8.      Set  "VOLTAGE  SELECTOR"  switch  to  the  "6"  and  "12  VpLT"  or  "24  VOLT" 
position  depending  on  voltage  rating  of  system  being  tested. -  • 
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Point  Raslstsnce  Tsse 

1.  Turn  "TEST  SELECTOR"  switch  to  the  "POINT  RESISTANCE"  position. 

2.  Turn  "HANOI -START"  Ignition  switch  to  the  "OH"  position. 

3.  Start  engine  and  operate  st  Idle  spcad.    Meter  should  read  In  the 
green  band  of  the  "POINT  RESISTANCE  TEST"  scale.  " 

Dwell  Test 

1.  Turn  "TEST  SELECTOR"  switch  to  the  "DWELL"  position. 

2.  Observe  otter  reading  and  compare  to  specifications  for  distributor 
point  dwell .  ' 

Note:    Use  lower  seals  for  4-cy Under  engines. 

Dwell  Variation  Test 

1.      Slowly  Increase  engine  speed  to  1500-2000  rpm  while  observing 
meter  for  any  change.    Unless  otherwise  speclfle<d<~dWcll  should  not  vary  more 
than  three  degrees . 

Note:'  Some  distributors  are  designed  to  change  the  dwell  more  then\hree 
degrees.  '  Reefer  to  distributor  specifications  for  vehicle  being  tesj 


2.      Reduce  engine  speed  to  .idle. 


\) 


Engine  Idle  Speed  Test  ' 
N     1*      Turn  "TEST  SELECTOR"  switch  to  the  "250-650  RPM"  position. 

2.  Place  transmission  shift  lever  in  recommended  position. 

3.  Observe  meter  reading  and  compare  to  specifications  for  engine  idle' 
speed. 

Caution:   .Place  transmission  shift  lever-  In  neutral  position  before 
dontlnulng  with  tests. 

Ignition  Miss  Test 

1.  Turn  vehicle  ignition  switch  to  the  "ON"  flpsition  and~"Handi-Start" 
ignition  switch  to  the  "OFF"  position.  • 

Note:    Vehicle  ignition  switch  must  be  used  for  balance  of  tests,  other- 
wise erroneous  results  will  be  obtained. 

2.  Turn  "TEST  SELECTOR"  switch  to  the  "IGNITION  OUTPUT"- position. 

3.  Accelerate  and  decelerate  engine  quickly  while  observing  meter  reading. 
Meter  pointer  should  remain  on  zero.. 

Note: On  some  ignition  systems  a  slight  pointer  deflection,  less  than 
a  meter  reading  of  one  (1),  is  normal. 
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Ignition  Output  Tut  V  .  \ . '  . 

.-     i.     Tura  "T»T  SELECTOR"  twitch  to  the  "0-5000 "WC"  position..-  , 
2."    Adj.ua t  engine  speed  co  1300  rpa. 


3#     Turn  "TEST  SELECTOR"  twitch  to  the  "IGNITION  O0TP0T *  position. 

;    '  \ 

4.  Using  insulated  pliers,  disconnect  any  one  spark  plug  cable  from 
•park  plug  and  j>beerve  ma tar  reading.    Mater  should  read  steady  in  the  graan 
band  of  tha  "IGNITION  OUTPUT  TEST"  acala.       *  . 

5.  Reconnect  spark  plug  cable  to  spark  plug.  1    '  v- 

6.  Repeat  a  tape  4  and  5  on  all,  remaining  sparkplug  cables.. 
Secondary  Current  Teat  .  t  ■  ■ 

\ 

1.  Disconnect  test  leads  frojs  ignition  coil. and  ground  and  connect  red 

.  lead  to  ground. 

<  *** 

Note:    Always  ground  red  lead  for  this  test  regardless  of  electrical) sys- 
tem ground  polarity. 

2.  Turn  "TEST  SELECTOR"  switch  to  the  "SECONDARY  CURRENT- V0LTME1 
position.  \ 

V 

3.  Connect  black  lead  to  any  one  spark  plug  and  observe  meter  reading'. 
Mater  should  read  in  the  gtieen  bend  of  the  secondary  current  test  scale. 

4.  Repeat  step  3  on  all  remaining  spark  plugs. 

5.  Disconnect  .test  leeds  from  sperk  plug  and  ground. 

6.  Reduce  engine  speed  to  idle  and  turn  vehicle' ignition  switch  to  "OFF" 
position. 

7.  Disconnect  jumper  lead  from  generator  armature  terminal  and  ground. 
Note:    On  waterproof  systems,  reconnect" generator  cable  to  regulator. 

Cranking  Voltage  Teat  ,  J 

1.  '-Connect  test  leads  to  ignition  coil  and  ground;  red  to  battery 
terminal  and  black  to  engine  block.    Reverse  connections  for  positive  ground 
ays  terns ■        «  S 

Note:    On 'waterproof  systems,  connect  red  lead  to  exposed  terminal  on 
ignition  unit  adapter.  * 

2.  Connect  jumper  lead  co  distributor  terminal  of  ignition  coil  and 
ground. 

Note:    On  waterproof  systems,  connect  jumper  lead  to  distributor  primary 
.  adapter  and  ground. 

1 3- i 
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3.  Turn  vehicle  ignition  awitch  %q  the  "ON"  position  end  crank  angina 
using  "Hand! -Start."  .    v  \ 

4.  Qbaerve  aatar  xaading  end-compare  to  specifications  for  cranking  * 
voltaga .   lh&mfciMk***i*%  ap*ci£ia>t  cranking  voltage  ehould.not  ba  lesa 
than '4.5  volts -for  ,6-volt  systems  or  9.0  volts  for  12-volf  systems. 

5.  Turn  vehicle  ignition  and  "CtLIHDER-  SELECTOR1'  avi  tehee  to  tha  "^OPT" 
position  and  disconnect  all  tast  aijd  jumper  laada  frt>m  vehicle., 

6.  Remove  spark-plug  connectors  from  spark  plugs  and  reconnect  cables 
to  spark- plugs. 


X 


Note;  On  waterproof  systems,  removes  all  adapters,  .reconnect  all  cablaa 
and  replace  access  plug  in  distributor  cover.' 

J  IGNITION  TIMING  AND  SPARK  ADVANCE,  TESTS  < 

Preparation  for  Tests  *  ~ 


r 


1,      Turn  "TACHOMETER  .ADVANCE  flESTER  TEST  SELECTOR"  switch  to  the  "OFF" 
position.  ■  -  . 

x  ,  2.      Connect  battery  leads  to  12-volt  battery;  red  to  positive  post  and 
black  to  negative  post.  ,  _  j  ' 

.   .  . 

3s     Connect  spark  plug  pickup  into  91  spark  plug  circuit  #t  spark  plug 
or  distributor  cap*    Use  adapter  leads  if  necessaiy. 

4.      When  distributor  is  equipped  with  a  vacuum  advance  mechanist!,  dis- 
connect vacuum  line  at  carburetor  and  seal  .opening  to  spark  port. 

t  r  r 

Ignition  Timing  Tes^t  ■>• 

1.  Turn  "TEST  SELECTOR"  switch  to  toe  0-1000  rpm  position. 

2.  Start  engine  and  adjust  speed  to  that  specified  for  ignition  timing. 

Note:  ,  Some  manufacturers  specify. that  engine  speed  be  set  to  a  speed 
higher  or  lower  than  that  specified  for  idle.    Always  refer  to  specifica- 
tions concerning  vehicle  being  tested  before  attempting  to  check  or  adjust 
ignition  timing. 

3.  Turn  "TEST  SELECTOR"  switch  to  the  "TIDING  LIGHT" "position. 


4.  t  Aim  timing  light, at  timing  pointer  and  obaerve  position  of  timing 
mark  in. relation  to  timing  pointar.    Compare  to  specifications  and  adjust  if 
necessary. 

>  .  •  *• 

5,  Reconnect  distributor  vacuum  line  and  proceed  with  next  test. 

Spark  Advance  Test 

,    1.      Turn  "TEST  SELECTOR"  switch  to  the  0-5000  rpm  position. 
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2.  Refer  to  distributor  specifications  .for  vehicle  being  tested. 

3.  '.Select  a  speed  specified  for  centrifugal  or  governor  advance  which, 
when  multiplied  by  two,  will  be  as  high  as-* possible  but  not  exceed  2500  engine 
'rpmj  ie,  if  distributor  specifications  state  that  spark  should  avance  11-13  • 
degrees  at  1100  rpm,  multiply  by  two;  or  2200  engine  rpra. 

'Note:    Specifications  for  centrifugal  or  governor  advance  are  usually 
stated  as  distributor  speed  and  degrees.    If  specification  is  stated 
as  engine  speed  and  degrees,  select  speed  as  instructed,  but  do  not  multiply 

4.  Adjust  engine  speed  to  specification  selected. 

Turn  "TEST  SELECTOR"  switch  to  the  "ADVANCE"  position, 

6..    Aim  timing  light  at  timing  pointer  and  adjust  advance  control  until 
timing  mark  is  aligned  with  pointer. 

Note:    Advance  control  is  located  in  timing  light  housing. 

7.  Observe  meter  reading  and  compare  to  specifications. 

Note;     If  distributor  has  both  cnetrifugal  and  vac uud% advance  mechanisms, 
taeter  should  read  specified  centrifugal  advance,  plus  specified  maximum 
vacuum  advance .  * 

8.  Adjust  engine  speed  to  that  specified  for  idle.    Stop  engine* 

9.  Turn  test  selector  to  the  "OFF"  position  and  disconnect  all  leads. 

COIL  TESTS 

Preparation  for  Tests 

1.  Turn-* "CONDENSER-MAGNETO . ANALYZER  TEST"  selector  switch  to  the  "OFF" 
position, 

2.  Connect  battery  leads  to  12-volt  battery;  red  to  positive  post 
and  black  to  negative  post* 

Note:     Battery  leads  have  plier-type  clips, 

3.  For  on-the-vehicle  tests,  disconnect  all  wires  from  the  coil. 

Note:    When  bench  testing  colls  having  nonmetallic  cases,  the  coll  must 
be  at  least  four  inches  away;  from  any  metal  object ,  including  metal  bench 
top.    Magneto  coils  must  be  mounted  on  their  iron, cores  but  removed  from 
the  stator  unless  otherwise  specified. 

Coil , Secondary  Resistance  Test 

1.      Turn  "TEST  SELECTOR"  switch  to  the  "<C0IL  RESISTANCE"  position. 

,2.      Connect  test  leads  to  coll;  red  to  either  primary  terminal  and  black 
to  secondary  terminal. 
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-     Not«:      Ua*  t«»t  clip,  o*  prod  at  required.  '• 

<  -  , 

3.  '   OMarva  ma  car  reading  and*conpare  to  specification*  for  coil  secondary  , 
winding  resistance.    Unless  otherwise  specified*  meter  reading  should  be  in  the  /  . 

green  band  of  the  "COIL  RESISTANCE  TEST"  scale,  and  not  exceed  20,000  ohms.  / 

Note:    To  obtain  resistance  value*  multiply  WX&X  reading  by  1000. 

*  » 

Coil  Insulation  Test 

1.  Turn  "TEST  £EL£CT0R"  Switch  to  the  "COIL  SET"  position. 

2.  Disconnect  black  lead  from  secondary  terminal  and  connect  to  other 
primary  terminal.    Use  test  clip,  not  prod. 

3.  Turn  "COIL  INDEX"  control  to  specified  position  and  adjust  set  control 
until  meter  indicates  value  specified  for  coil  set.    Refer  to  specification  chart. 

Note:    If  no  meter  reading  is  obtained  or  specified  setting  canfrot  be 
reached,  coil  primary  winding,  is  faulty. 

4.  Turn  "TEST  SELECTOR"  switch;  to  the  "COIL*  TEST"  position.    Meter  should 
read  steady  and  in  the  greem  band  of  the  "C0IL#  TEST"  ^c^le.     (Meter  should  not 
vary  more  than  one  major  division.)  ^ 

5.  During  coil  insulation  test  and  using  black  test  prod,  probe  the 
areas  between  the  primary  and  secondary  terminals  for  leakage.    Metgj  reading 
should  remain  in  green  band  of  ftC0IL  TEST"  scale. 

Note:    When  bench  testing  metal  cased  coils,  also  touch  prod  to  case. 
Meter  reading  should  remain  in  green  band  of  "00IL  TEST"  scale. 

6.  Turn  "TEST  SELECTOR"  switch  to  the  "OFF"  position  and  disconnect 
battery  and  test  leads. 

m. 

CONDENSER  TESTS 

Preparation  of  Tests 

1.  Turn  "CONDENSER-MAGNWD0  ANALYZER  TEST"  Selector  switch  to  the  "OFF" 
position. 

# 

2.  Connect  battery  leads  to  12-volt  battery;  red  to  positive  post  and 
black  to  negative  post* 

Note:     Battery  leads  have  plier-type*  clips  . 

3.  For  on- the -vehicle  tests*  disconnect  primary  wire  at  coil  or  distributor 
and  install  fiber  block  between  breaker  lever  and  cam*  • 

v 

*  # 

Mote:    On  waterproof  systems*  remove  distributor  cover  and  disconnect 
distributor  lead  from  coil. 
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4.      Turn  "TEST  SELECTOR"  switch  to  the  "CONDENSER  RESISTANCE"  position. 


5. •    Connect:  red  end  truck  test  leads  together  end  adjust  set  control  - 
until  meter  reads  on  set  line  at  righ-hand  end  of  "CONDENSER  RESISTANCE  TEST" 
scale.  ^  #  r 

Note:    Allow  approximately  30  seconds  for  tester  St 
lag  to  calibrate.  v  ^ 

Condenser  Resistance  Test 


to  *armvj)ip  befqre  attempt- 


1.  Separate  test  leads  and  connect  to  distributor  housing  and  primary 
terminals  or  lead*    Meter  should  read  in  ttfe  green  bapd  of  the  "CONDENSER 
RESISTANCE  TEST"  scale.  * 

Note:    When  bench  testing  condenser,  connect  test  leads  to  condenser 
case  and  pigtail  lead* 

2.  During  condenser  resistance  test,  tiuve  condenser  pigtail  lead  back 
and  forth  while  observing  meter  for  any  change.    Meter  reading  should  remain  \ 


steady  in  green  band  of  "CONDENSER  RESISTANCE  TEST"  scale. 
Condenser  Leakage  Test  i  * 

1.  Turn  "TEST  SELECTOR"  switch  to  "CONDENSER  LEAKAGE"  position. 

2.  Observe  meter  reading.    Meter  should  read  In  the  green  band  of  the 

"CONDENSER  LEAKAGE  TEST"  scale. 


I 


Condenser  Capacity  Test 

1.      Turn  "TEST  SELECTOR"  switch  to  "CAPACITY"  position.' 


\ 


2*      Observe  meter  reading  and  compare  to  specifications.  Condenser 
capacity  should  be  vithin  range  specified  by  manufacturer* 

Note;    Meter  reading  indicates  condenser  capacity  in  microfarads  (mfd) • 

r 

3.      Turn  "TEST  SELECTOR'*  switch  to  the  "OFF"  position  and  disconnect 
battery  and  test  leads, 

j,  "FUEL  AND  VACUUM  BOOSTER  PUMP  TESTS 

Preparation  for  Tests  x 

1.      Star  if  engine  and  operate  at  fast  idle  with  hood  closed  until  engine^ 
^and  fuel  system  are  alt  normal  temperature.    Stop  engine. 


inlet. 


Remove  carburetor  air  cleaner  and  disconnect  fuel  line  at  carburetor 


Note:  When  iaore  than  one  carburetor  is  used,  disconnect  fuel  line  at 
tee  connection  or  junction. 
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3.  '    Connect  fuel  pump  tester  Inlet  to  disconnected  fuel  line. 

Caution:    Be  sure  inlet  hose  is  securely  connected  to  fuel  line.  If 
necessary,  move  retaining  nut  away  from  end  of  fuel  line  to  prevent 
interference,  with  inlet  hose.  .  # 

4.  Connect  tachometer  to  engine  as  outlined  In  paragraph  3a(5)  of  this 
worksheet.  / 

Fuel  Pump  Pressure  Test 

li      Start  engine  and  operate  at  idle  speed  qr  speed  specified  for  fuel 
pump  pressure  test. 


< 


2. 


Observe  pressure  gauge  reading  and  compare  Co  specifications  for  fuel 
pump  pressure. 


Fuel  Pump  Volume  Test  j 

1.  With  engine  operating  at  idle  speed  or  speed  specified  fo'r  fuel  pump  • 
volume  test,  direct  tester  discharge  hose  into  a  suitable  fuel  container. 

2.  Press  "CAPACITY  TEST"  button  down  and  observe  fuel  gauge  reading. 
Compare  to  specifications  for  fuel  pump  capacity  or  volume. 

3.  Release  "CAPACITY  TEST"  button. 

4.  Stop  engine  and  disconnect  tester  inlet  ho$e  from  fuel  line.  Recon- 
nect fuel  line  to  carburetor  ln_et  or  tee  connection  and  replace  air  cleaner. 

Fuel  Pump  Vacuum  Test 

1.  Disconnect  fuel  inlet  and  outlet  lines  frota  fuel  pump. 

2.  Connect  fuel  pump  tester  inlet  hose  to  pump  inlet. 

Nottj:    If  necessary,  remove  fitting  or  flexible  hose  from  fuel  pump  and 
use  1/8"  pipe  adapter  furnished. 

•       3.      Start  engine  aind  operate  at  idle  speed  or  speed  specified  for  fuel 
pump  vacuum  test  until  highest  vacuum  gauge  reading  is  obtained. 

4.  Observe  final  gauge  reading  and  compare  to  specifications  for  fuel 
pump  vacuum.    Unless  otherwise  specified,  fiiel  pump  vacuum  should  not  be  lesjs 
than  10.0  inches* 

5.  Stop  engine  and  observe  vacuum  gauge  for  about  15  seconds.  Vacuum 
reading  should  remain  constant  and  noV  decrease  after  eftgine  is  stopped. 

6.  Disconnect  tester  inlet  hose  from  fuel  pump  and  reconnnect  fuel  lines 
to  fuel  pump.        .  .''  *  . 


45. 

13.9 


1  '  '  • 

Vacuum  Booster  Pump  Test 

1.  Disconnect  manifold  vacuum  line  from  booster  pump  outlet. 

2.  Disconnect  windshield  wiper  hose  from  booster  pump  inlet  and  connect 
fuel' pump  tester  inlet  hose  to ^ump  inlet. 

,  3.      Start  engine  and  operate  at  1000  rpm  or  speed  specified  for  vacuum 
booster  pump  test.  * 

4.  Observe  vacuum  gauge  reading  and  compare  to  specifications  for 
vacuum  booster  pump-test.    Unless  otherwise  specified,  vacuum  should  not  be 
less  than  7.0  inches.  •  • 

v 

5.  Stop  engine  knd  disconnect  tester  inlet  hose  from  vacuum  booster  pump. 
Reconnect  windshield  wiper  hose  and  manifold  vacuum  line  to  vacuum  booster  pump. 

ENGINE  COMPRESSION  AND  VACUUM  fESTS  t 

Preparation  for  Tests 

1*      Start  engine  and  operate  at  fast  idle  until  engine  is  at  normal 
temperature.    Stop  engine. 

2.  Disconnect  spark  plug  cables  from  spark  plugs  and  loosen  each  spark 
plug  about  one  turn. 

vj  ■ 

3.  Reconnect  spark  plug  cables  to  spark  plugs. ^ 

A.      Start  engine  and  accelerate  briefly  to  remove  loosened  carbon  from 
combustion  chambers . 

9 

5*      Stop  engine  and  disconnect  spark  plug  cables  from  spark  plugs. 

y 

6.  Using  compressed  air,  blow  all  foreign  matter  from  spark  plug  veils. 
Remove  all  spark  plugs.  1 

7.  Remove  coil  high-tension  cable  from  center  terminal" of  distributor 
cap  and  ground  to  engine  block.  B  " 

8.  Connect  f,Handi-StartH  teat  leads  to  batten  and  starter  relay  or' 
solenoid;  ted  to  insulated  battery  post  and  black  to  switch  control  terminal. 
Do  not  connect,  blue  lead  or  turn  on  ignition  switch. 

Compression  Test  «  , 

1.  -  Screw  cylinder  analyzer  compression  gauge  hose  adapter  into  spark 
plug  opening  and  connect  coupler  to  gauge.    Tighten  by  hand  only.    Do  not  use 

tools,  /  * 

Note:    For  engines  wJth  spark  plug  threads  recessed  in  cylinder  head,  use 
long-reach  adapter.  ,a 
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2.  Using  "Hand! -Start, M  cruk  engine  unt!4  highest  coaeresslon  gauge 
reading  Is  obtained.    Record  raaulta  and  .compare  to  specifications  for  compres- 
sion prasaura.  •  K 

3.  Push  "PRESSURE  RELEASE"  button  down  to  vent  gauge.  Dlaconnact 

coupler  fro 8k  gauge  and  raspva  hoaa  adaptar  ^froa  spark  .plug  opening* 

■  >       '  ~) 

4.  Rapaat  steps  1,  2,  and  3  on  all  remaining  cylinders'  In  engines. 

,  ■  -  *  *  • 

Vacuum  Tes  t  *  '  ' 

* 

1.  Connect  cylinder  analyzer  vacuum  gauge  hose  to  gauge -coupler  and 
cylinder  adapter  handle* 

2.  Select  short  or  long-readti  cylinder^ adapter/  as  required,  and  attach 
to  handle.  * 

-\ 

.  y   ^     '  ■ 

Mote:    For  deeply  repassed  spark  {/lug  openings,  use  extension. 

3.  Push  cylinder  adapter  into  spark  plug  opening  and  crank  engine, 
using  "Handi-Start, "  until  highest  vacuum  gauge  is  obtained.    Record  results. 

* 

Note:    Coup ress ion  pressure  will  be  exhausted  through  vents  In  cylinder 
adapter  handle  when  engine  is  being  cranked.  ^ 

4.  Push  ''VACUUM  RELEASE"  button  down  to  vent  gauge.  . 

5.  .  Repeat  steps  3  and  4  on  all  remaining  cylinders  in  engine* 

6.  Determine  cylinder  condition  by  comparing  concession  and  vacuum 
gauge  readings  to  analysis  chart.  4 

* 

7.  Disconnect  "Handi-Start"  test  leads  and  reconnect  coil  high-tension 
cable  to  center  terminal  of  distributor  cap. 

8.  Replace  spark  plugs  and  reconnect  spark  plug  cables  to  spark  plugs. 


Vehicle  Maintenance  Branch,  3ABRA7330-WS-AOA 
Chanute  AFB,  Illinois 

TROUBLESHOOTING,  DIAGNOSIS,  AMD  REPAIR  OF  LIGHTING, 
WASHING  AND  SIGNAL  SYSTEMS  AMD  HEADLIGHT  TESTING 


OBJECTIVES  ^ 


When  you  have  completed  the  fr.aoes^.in  this  worksheet will  be  able  to: 
Troubles hoot  lighting,  warning,  and, signal  "systems  on  a  vehicle. 
Diagnose  lighting,  warning  and  signal  system  troubles. 

Perform  tasks  related  to.  vehicle  operation  to  accomplish  troubleshooting.  / 
Use  toois,  test  equipment,* 'and  applicable  publications.  ^ 

EQUIPMENT       *  * 

Live  vehicle 
Voltmeter 

Ammeter  , 

Continuity  light 
Battery  hydrometer 

PROCEDURE 

Use  this  guide  while  troubleshooting  the  vehicle  circuitry  *long  with  the 
test  equipment  and  handtools  with  which  you  have  been  provided. 

To  use  this  guide:  * 

)  • 

1.  Operate*  or  attempt  to  operate  the  system. 

Z.  Vtermine  the  3yraptom(s)  • 

3.  Find  the  syiftptom(s)  in  the  table  of  contents, 

A,  Turn  to  the  frame  irt  the  guide  to  which  the  index  refers  yoa. 

5.      Check  out  each  possibility  shown  on  the  flow  chartf  for  the  conditions 
that  exist*  until  you  locate  the  trouble. 

Note:    A  typical  circuit  schematic  is  shown  for  each  system  "at  the  bottom 
of  aos*t  of  the  frames.    They  may  not  be  identical  to  the  system  you  are 
working  on,  but  they  will  be  similar.    Use  these  schematics  as  needed  to 
assist  ^ou  in  troubleshooting.'    This  guide  does  no|  always  tell  you  what 
to  do1,  buttfit  will  give  you  a  logical  sequence  to  follow  in  locating 
troubles.*  Use  the  applicable' vehicle  shop  manual  far  the  necessary  "what" 
and  "how  to  do"  information,  and-, any  specifications  and  details  you  may*' 
want  or  need. 
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tar  Charge  Indicator  Inoperative 
Battery  Low  in  Charge 

Bnka  Light*  Inoperative  , 
Charge , Indicator  Light  Inoperative 

j 

Engine  Temperature  Gauge  Inoperative 

Fuel'  Gauge  Inoperative 

Fuel  atid  Temperature  Gauges  Inoperative 

Horn  Troubles  J. 

Headlights  Do  Not.  Light 

Individual  Lights  Do  Not  Light 

i. 

Lights  Bum  Out  Repeatedly 

Oil  Pressure  Indicator  Light  Inoperative 

Parking,  Rear,  Instrument  Panel,  or  Dome  Lights  Not  Working 
Turn  Indicator  Light  Troubles 
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Frame  1. 


Aaottir  Charge  Indicator  Inoperative 


Tarn  headlight  switch 

«0N" 


•YES 


Do  headlights 

light? 


NO 


r 


Headlights  "ON" 


Does  ammeter 
[show  discharge? 


I 

YES 


System  Okay 


Check  all  wiring  and 
units,  from  battery  to 
headlights 


•  NO 


Check  battery 
for  condition 


Faulty 
charge -indicator 


BATTERI 


SHE 


3 


'Ammeter 
charge - 
indicator 


f  GENERATOR 
REGULATOR 


To  other  circuits 


TYPICAL  CIRCUIT  SCHEMATIC 
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Fratoe*  2. 


( 


Battery  Low  in  Charge 

i  ■  : 

Check  Cables  for  Corrosion 


Check  Terminals  for  Security  \  ^ 

Check  Case  t or  Cracks  \ 

•  i.  ' 

'Check  Electrolyte  for   Proper  Level 

*  I 

Check  Electrolyte  of  Each  Cell  for 
Specific  Gravity* 


Charge  Battery 


Replace  the  battery  if  it  is  in  " 
such  poor  condition  that  it  will 
not  take  'or  hold  a  charge. 


*  Record  these  specific  gravity  reacb^ngs 
in  the  space  provided,  on  the  worksheet. 


J 
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t 


BATT. 


Brake  Lights  Inoperative 


Check  Brake  Light  Switch 


Check  for  Blown  Fuse 


Check  All  Wiring 


Check "for  Burned  Oat  Bulbs 


RIGHT 
HEAR 
LIGHT 


FUSE 


BRAKE  LIGHT 
SWITCH: 


& 


TO  OTHER 
CIRCUITS 


IGNITION 
SWITCH 


Chi- 


TURN 

SKHAL 

SWITCH 


Chi- 


LEFT 
REAR 
LIGHT 


TYPICAL  CIRCUIT  SCHEMATIC 
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Fran*  U. 


 j 


Chang*  Indie ator 


Light  Inoperative 


J) 


Turn  Ignition  Switch 
"ON" 


"YES 


Is  the 
light 

"ON?" 


NO 


Light  nON" 


Ll^ht  "OFF" 


Start  engine 


Check  Light  Bulb  « 


YES- 


Light  *QFF" 


Light  "ON" 


Faulty  generator  X  brushes) 
or  regulator 
(cut-out  contacts) 


Check 

all  wiring  from  igni- 
tion switch  to  gener- 
ator armature  term- 
inal 


Faulty  generator 
( brushes) 


Fa'ilty  ignition  switch 


System  Okay 


BATTERY 


r 


G  ®  LBlI][iJJ 


IGNITION  SWITCH 


GENERATOR 
REGULATOR 


< 


INDICATOR^ 
LIGHT 


GENERATOR 


\ 


TYPICAL  CIRCUIT  SCHEMATIC 
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4"* 


Engine  Temperature 


Gauge  Inoperative 


'Check  All  Wiring 


De f active  Temperature  Qa-ige 


Defective  Engine  Unit 


Defeotive  Constant  Voltage  Regulator 


■  **  • 


IGNITION  SWITCH-*  CONSTANT 


BATTERY 


T 


7  ^VOLTAQE  REGULATOR* 


'  ,-TlSOERATURE  GAUGE 


I 


7- 


ENGINE 
UNIT 


TYPICAL  CIRCUIT  SCHEMATIC 
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\ 


Frame  6. 

\ 

^rr— 


Fuel  Gauge  Inoperative 


Check  Ail  Wiring 


Check  Fuel  Tank  Ground'  to  9ody 


Defective  Fuel  Gauge 


Defective  Tank 


^4t 


Defective  Constant  Voltage  Regulator 


IGNITION  SWITCH  t  VOLTAGE 


BATTERY 


IJUTOR*/*  ( 


FUEL  GAUGE 


T 


TANK  UNIT 


TYPICAL  CIRCUIT  SCHEMATIC 
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Foal  and  Temperature  Gauges  Inoperative 


Check  Voltage  Regulator  Ground 


Check  Wiring  to  Fuel  and  Temp  Gauges 


Defective  Constant  Voltage  Regulator 


Defective  Ignition  Switch 


Frame  7. 
 )*» 


IGNITION  SWITCH- 


BATTERY 


CONSTANT  VOLTAGE  REGULATOR  — '  4? 


TO  FUEL  GAUGE 

TO  ENGINE  TEMPER- 
ATURE GAUGE 


TYPICAL  CIRCUIT  SCHEMATIC 


Frame  8. 


Horns  sound 
continuously 


Check  for  grounded 
wiring  to  horn  button 


Do  the  ho 
sound 
continuously? 


NO 
i 


Does  one 
horn  sound? 


\ 

NO 
I 

Horns  do  not  sound 


Check  all  wiring 
for  opens 


Ch**ck  for  shorted 
horn  relay  * 


Check  for  stuck 
horn  button 


■YES 


Check  for  inoperative 
horn  relay 


Check  horn  button 
operation 
I 

Horns  out  of  adjustment 
I 

Horns  defective 


One  horn  does 
not  sound 


Check "wiring  from 
horn  to  relay 


Check  horn 
adjustment 


Defective  horn 


HORNS 


N=7 


i 


BATTERY 


.  C 


HORN  RELAY 


i 


HORN 
BUTTON 


TYPICAL  CIRCUIT  SCHEMATIC 
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Frame  9. 


Headlights  Do  flot  Light 
I 

Check  for  Loose  Battery  Cable 


Check  Wiring  frcm  Battery 
to  Dimmer  Switch 


Defective  dimmer  switch* 


,        Defective  lighting  switch 

I 

Defective  circuit  breaker  or  fuse 

High  voltage  has' 
blown  all  lights 

*  If  only  the  headlights  fail  to  operate,  the  dimmer  switch  is 
»  the  most  probable  causa. 


HEADLIGHTS 


DIMMER  SWITCH 


,-LIGHTEJG  SWITCH 


■f 


CIRCUIT  BREAKER 
OR  FUSS 


BATTERY 


HIGH  BEAM 
INDICATOR 
LIGHT 


TYPICAL  CIRCUIT  SCHEMATIC 
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1 5  ° 


Frame  10. 


* 


Individual  Lights  Do  Not  Light 
I 

,        Burned  Oat  Bulb 

•      I  •:  ' 

Check  loose/broken  wiring  to  bulb 


Check  for  poor  ground  connection 


Lights  Burn  Out  Repeatedly 


Check  for  loose  or  corroded  connections 


Excessive  vibration 


Generator  voltage  regulator  set  too  high 


\ 


y 


\ 


153 


f 


J16 


Oil  Pressure  Indicator  Light  Inoperative 


Turn  ignition  switch  , 
"ON"  ^ 


-YES 


Light"  •JON'1 
Start  engine 


Is  the 

Light 

"ON?" 


■NO 


1 

Is  the 

light 

"ON?" 

1 

<• 

1 

Light  "OFF* 

I. 

Short  oil  pressure 
switch  lead  to  ground 


I 


YES 


NO 

Light  "OFF" 
System  Okay 


Light  ON" 
Stop  engine 


Is  the 
light 

"ON?" 


J 

NO 


1 


YSS 
Light  "ON" 

•  I 

Faulty  oil 

Check  engine  oil  quantity        Light  .'"OFF"  pressure 

switch 


r 


Check  for  bad  oil  pump  Check  light  bulb-. 

1  T 

Check  all  wiring  Check  alJL  wiring 

\     .  \ 

Faulty  oil  pressure  switch  Faulty-  ignition 


switch 


IGNITION  SWITCH 


BATTERY 

r 


0^ 


OIL  PRESSURE 
SWITCH 


,  INblCATOR  LIGHT 


TYPICAL  CIRCUIT  SCHEMATIC 
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Frane  12. 


K 


Parking,  Rear,  Instrument  or  Dome 
lights  laoptrmtlVii 


Check  for  burned  out  fuse 


Check  wiring  £rem  battery  to  light  switch 


V 

/ 


Defective  light  switch 

I 

Check  wiring  from  switch  to  lights 


Check  for  burned  out  bulbs 


Poor  ground  connections 


RIGHT  PARK 
LIGHT 


RIGHT  TAIL  LIGHT 


INSTRUMENT 
PANEL . 
LIGHTS 


BATTERY 


LIGHTING  SWITCH 


r9 


LICENSE 
LIGHT 


LEFT  PARK 
LIGHT 


LEFT  TAIL  LIGHT 
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TYPICAL  CIRCUIT  SCHEMATIC 


Tarn  Indicator  Light  Troubles 


Do  lights  cancel 
Improperly? 


YES 


t 

HO 
i 


NO- 


Are  411  lights 
Inoperative1? 


Lights  operate 
incorrectly 
I 

Check  viring 
from  switch 
to  lights  - 
I 

Defective  turn 
signal 'switch 
I 

Defective, 
flasher 
I 

Check  for  burned 
'out  bulbs 


'  YES* 

All  lights  are  inoperative 

.  I 

Check  for  burned  out  fuse 
I  -    ,  •  • 
Check  wiring  from  ignition 
switch  to  flasher 

*     -     I  * 
Defective  flasher 

' )  r   -  ' 

Check  wiring  ffcem  flasher 
to  turn,  switch 

I 

Defective  turn  signal  switch 

Check  wiring  from 
switch  to  lights  *' 

I 

Check  for  burned  out  bulbs 
Poor  ground  connections 


Lights  cancel 
improperly 

Check  can  ' position 
on  steering  wheel 

'  huh* 

Check  for  loose 

or  we*k  coll 
springs  on  switch 
plate  assembly  * 


TURN  SIGNAL  SWITCH 


LEFT  A 
FRONT 
LIGHT 

LEFT 
TELLTALE 
INDICATOR 


P. 
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X  •  LEFT 
T  » REAR 
-    T  LIGHT 


FUSE 

IGNITION 
SWITC 


FLASHER 


RIGHT 
FRONT 
LIGHT 

RIGHT 
TELLTALE 
EIMCATO^ 


BATTERY 


RIGHT /I 
REAR  T 
LIGHT 


TYPICAL  CIRCUIT  SCHEMATIC 
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Vehicle  Maintenance  Branch 
Chanuta  AFB,  Illinois 


3ABRA7330-WS-404A 


TROUBLESHOOTING ,  DIAGNOSIS ,  AND  REPAIR  OF  LIGHTING,  WARNING 
AND  SIGNAL  SYSTEMS  AND  HEADLIGHT  TESTING  (HEADLIGHT  TESTER) 

OBJECTIVES 

Upon  completion  'of  this  worksheet  you  will  be  able  to: 

Operate  the  headlight  tester  for  showing  the  condition  of  headlights* 
quickly  and  exactly*  and  perform  the  steps  for  making  necessary  adjustments. 

EQUIPMENT 


Vehicle 

Headlight  tester 
Mechanics  Handtools 


r 


PROCEDURE 


Using  the  worksheet  as  a  guide  for  step-by-step  procedures,  check  condition 
6f  headlights  and  make  the  necessary  adjustments^. 


1.  Practice  alH££fety 
precautions-;  * 

* 

Mote:    Think  safety  -  practice 
safety  -  act  safely.  \T* 

2.  Obtain  the  technical  order 
from  the  file  and  record  number* 

3.  Calibrate  tester  to 
location* 

a.  Place  tester  in  front 
of  the  vehicle  with  lens  about  12 
inches  in  front  of  the  headlights  and 
facing  the  vehicle. 

b.  Roll  the  tester  side- 
ways, parallel  to'  the  front  of  the 
vehicle,  until  it  is  clear  of  the 
vehicle,  ^ 

c.  Place  the  calibrating 
stand  in  front  of  the  tester  as  shown 
in  figure  13.    Grasp  the  handles  on 
the  case  suppprt.    Raise  or  lover 
the  tester  case  until  the  white 
horizontal  line  that  is  on  the  side 

of  the  lens  frame  is  at  the  exact  same 
height  as  the  white  line  scribed  on 
the  flat  circular  portion  at  one  side 
of  the  calibrating  stand  top. 


>  » 


WHITt  LINES 


LINE  ON  WHICH 
TESTER  IS  ROLLED 


Figure  13.    Setting  Tester  to  Height 
of  Calibrating  Stand. 
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Figure  14.    Using  Flashlight  to  Check  Floor  Level. 

Note:    Be  careful  not  to  move  teat  ex  base. 

d.  Remove*  the  calibrating  stand  to  a  position  opposite  the  rear 
fender  of  the  vehicle  at  about  the, same  distance  to  the  side  of  the  vehicle  as 
the  tester,  as  shown  in  figure  14. 

e.  Place  a  lighted  flashlight  on  the  stand  top  so  that  the  light 
shines  through  the  hole  in  the  part  on  which  the  white  line  is  scribed.  Point 
the  flashlight  beam  directly  at  the  center  of  the  tester  lens. 

Note:    You  will  see  a  small  reflection  of  the  flashlight  beam  in  the 
tester  lens.    When  this,  reflection  is  at  maximum  brightness,  the  beam 
will  be  pointed  correctly. 


VIEWING 

window 


VIEWING 
MIRROR 


PLANE 
MIRROR 


HOUSING 


SIGHT 


CASE-tALANCE  i 
STEEL  TAPE 


SLIDER  GUIDE 
TUK 


SLIDER  TUIE 


AIMING  SCREW 


Figure  15.    Operating- Parts  of  Tester. 

f.       Look  down  through  thevViewing  window  of  the  tester,  figure  15, 
at  the  image  of  the  flashlight  beam  as  seen  in  the  viewing' mirror,  figure  16. 
Turn  the  high-low  and/or  left-right  knobs,  figure  17,  at  the^ront  of  the  tester 
.until  this  beam /image  is.  well  centered  in  the  large  circle  also  seen  in  the 
mirror* 
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■*  * 


Figure  16.  Cantering  Bean 
Reflection  Inside  heater. 


g.       After  centering"  the 
image,  grasp  the  high-low  knob  firmly 
in  one  hand  and,  without  turning  the 
knob,  turn  the  pointer  to  p.'.ace  it  at 
.  "0"  oh  the  dial,  figure  17.  Recheck 
^to  make  sure  that  the  beam  Image  is  still 
properly  centered. 


Figure  17.    Resetting  High-Low 
Tester  Knob. 


Note:    Be  careful  not  to  disturb  the  left-right  knob,  or  the  position  of 
the  tester  while  making  thla  adjustment.    When  the  adjustment  Is  made,  the 
fore-to-aft  axis  of  the  plane  mirror',  figure  15,  is  lined  up  with  the 
plana  of  the  floor  on  which  the  vehicle  stands  during  a  following  headlight 
teat. 

4.  Prepare  vehicle. for  test. 

a.  x    Clean  headlight  lens. 

si  '  • 

b.  Adjust  headlight  reflector/ 

Note:    The  reflectors  must  be  in  working  order  so- that  they  can  be 
pivoted  up  or'  down,  or  to  either  side  as  required  to  correct  the  beam 
directions .  .  ✓ 

r 

c.  Check  the  switch  used  to  change |the  headlights  from  high  beam 
to  low  beam.    Make  certain  that  both  headlights  work  at  the  same  time. 

Note:    Note  that  sometimes  the  wires  become  interchanged  so  that  one  beam 
is  high  while  the  other  is  low.  t 

d.  Check  vehicle  to  see  that  it  is  unloaded. 

e.  Inflate  tires  to  specified  pressures 

f.  Rock  vehicle  sideways'  to  ^relieve  any -spring  set  and  make  certain 
that  the  vehicle  stands  in  a  normal  position. 

5.  Use  headlight  tester  to  test  headlights. 

a.       Square  tester  with  vehicle,  figure  18.  ,  4  t 

(1)  Roll  the  tester  from  in  front  of  one  headlight  to  in  front 
of  the  other  to  make  certain  that  it  travels  a  straight  line  parallel  to  the 

front  of  the  vehicle. 
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Note:  The  tester  should  be  about 
12  Inches  out  from  the  headlights. 


(2)  Find  the  fore-to-aft 
centdrline  of  the  vehicle. 

Note:    this  can  be  done  by  visualising 
an  Imaginary  line  through  the  center 
of  the  radiator  cap  or  ornament,  back- 
ward along  the  center  of  the  htod  and 
center  of  the  windshield. 

(3)  Roll  the  tea  tar  along 
the  parallel  front  line  to  line  up  the  peep 
slot  in  the  back  part  of  the  sight  with  the 
vehicle  centerline. 

Note:    The  peep  slot  in  the  back  part 
of  the  sight  is  at  the  left  side '.of 
tester  case. 

(4)  Rotate  the  aiming 
screw,  figure  15w  to  place  the  line  formed 
by'  the  front  part  of  the  sight  on  the 
centerline,  so  that  the  centerline  is 
straight  through  both  parts  of  the  sight.'- 

* 

Note:    Once  made,  this  adjustment  must  remain  unchanged  throughout  a  test, 
b.       Test  either  headlight. 

(1)  Turn  the  headlights  on  the  high  beam. 

^  (2)  Roll  the  tester  sideways  along  the  parallel  front  line  to 

place  the  tester  lens  directly  in  front  of  the  headlight  being  tested. 

(3)  Raise  or  lower  the  tester  case  until  the  meter  indicates 
maximum  candlepower. 

Note:     Be  careful  not  to  move  the  base. 

(4)  Roll  tester  to  one  side  or  the  other  until  the  meter  again 
indicates  the  maximum  candlepower. 

(5)  Continue  steps  (3)  and  (4)  until  you  are  certain  you  have 
obtained  exact  position  of  tester  candlepower  as  indicated. 

Note:    Be  careful  not  to  move  the  tester  base  off  the  parallel  line.  The 
tester  lens  is  now  squarely  'in  front  of  the  headlight.    The  tester  case 
must  not  be  moved  from  this  position  during  the  remainder  of  the  test. 

(6)  Operate  the  Kigh-low  and  left-right  knobs,  figure  until 
the  meter  Indicates  maximum  candlepower. 

iC'i 
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Not*:    Th«  plane  mirror,  figure  IS,  la  now  in  perfect  alignment  witfr  the 
headlight  beam.    Test  results  may  be  read  on  the  meter  And  calibrated 
dials  at  cha  front  of  the'  teeter  caaa. 

c.  Interpret  reaulta  of  teat. 

Note:    The  maximum  brightness  of  the  headlight  can  be  read  on  die  meter 
with  the  tester  In  tha  final  position.    Reading  Is  In  thousands  of  candle- 
power.    Divialons  marked  on  the  dial  show  "POOR,"  "GOOD,"  and  "EXCELLENT" 
ranges.    At  the  end  of  test,  the  calibrated  dials  of  tha  high-low  and  left- 
right  knoba  will  show  tha  beam  direction.    These  are  graduated  to  show  the 
number  of  inches  that  the  beam  will  drop,  raise,  or  turn  to  one  side  at  a 
distance  of  25  feet  in  front  of  the  vehicle. 

d.  Correct  misdirected  beam,  if  required. 

Note:    The  usual  drop  is  three  inches  in  25  feet  (shown  by  the  arrow  on 
tha  high-low  knob  dial  between  the  "2"  and  "4"  at  the  right  of  the  "0"). 
Some  operators  prefer  no  aide  angle  (left-right  knob  aet  at  "0").  Othera 
prefer  to  have  the  right  headlight  aet  in  this  mannas,  but  to  have  the  left 
headlight  slightly  toed  in  (knob  set  at  "2"  to  "A"  to  the  right  of  "0"  on 
che  dial). 

(1)  Set  the  high- low  and  left-right  knobs,  figure  17,  to  show 
the  amount  of  drop  and  side  angle  desired. 

(2)  Adjust  the  headlight  reflector  until  a  maximum  candlepower 
reading  is  shown  on  the  tester  meter,  if  required. 

Note:    The  tester  must  not  be  moved  from  its  last  position  in  the  test 
when  making  this  adjustment. 


Vehicle  Hainteuance  BraftcH  *  3AIRA733O-W8-404B 
Chanute  AFB»  Illinois 

TROUBLESHOOTING ,  DIAGNOSIS,  AND  REPAIR  OF  LIGHTING,  WARNING  AND 
SIGNAL  SYSTEMS  AND  HEADLIGHT  TESTING  (AC  HEADLIGHT  AIMER) 

OBJECTIVES 

Upon  completion  of  this  worksheet  you  will  be  able  to: 

Operate  the  headlight  aimer  for  shoving  the  condition  of  headlights  quickly 
and  exactly,  and  perform  the  steps  for  making  the  necessary  adjustments. 

EQUIPMENT 

Vehicle 
Headlight 
Mechanics  handtool 

PROCEDURE 

Using  the  worksheet  as  a  *guide  for  step-by-step  procedures,  check  condition 
of  headlights  and  make  the  necessary  adjustments. 

AIMING  THE  HEADLIGHTS 

Preainrtng  Instruction* 

1.  Check  dimmer  switch  for  faulty  operation. 

2.  Check  high  beam  indicator-indicates  the  HIGH  beam  is  in  operation 
when  lighted. 

3.  Check  for  badly  rusted  or  faulty  headlamp  assemblies.    These  must  be 
corrected  before  a  satisfactory  adjustment  can  be  made. 

4.  Place  vehicle  on  a  level  floor. 

5.  Check  front  suspension  height.    Adjust  to  specifications  as  necessary. 

6.  Check  tire  inflation. 

7.  Rock  vehicle  sideways  to  allow  vehicle  to  assume  its'  normal  position. 

3.      If  gasoline  tank  is  not  full,  place  a  weight  in  the  trunk  of  vehicle 
to  simulate  the  weight  of  a  full  tank  (6-1/4  pounds  per  gallon). 

9.      There  should  be  no  other  load  in  the  vehicle  other  than  the  driver  or 
a  substituted  weight  of  approximately  150  pounds  placed  in  the  driver's  position. 

10.      Remove  headlamp  front  trim  panel..    Do  not  remove  the  seal  beam 
retainer  rims. 
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Checking  Aimer  for  Calibration. 

1.  Using  a  carpenter  or  aeon*  uion  level  of  known  accuracy,  locata  a 
trw  vertical  place  glaaa  window  or  aaooth  surface.  , 

2.  Set  DOWN-UP  pointer  on  DOWN  2. 

*  "  3t     Set  RIGHT-UP  pointer  and  floor  level  compensator  at  n0."     '  / 

4.  Secure  aimers  to  glaaa  or  smooth  surface  threa  to  five  feat  apart  so 
split  image  targets  can  be  located  in  the  viewing  port. 

5.  If  bubble  ia  centered  in  glaaa  vial,  vertical  calibration  is  correct. 
If  bubble  la  not  centered,  make  the  DOWN-UP  adjuetment  by  rotating  the  level 
adjuating  screw  until  the  bubble  is  centered  in  the  spirit  level. 

6.  The  horizontal  aim  la  correct  if  the  targe ta  on  opposite  aimers  are 
aligned  in  viewing  porta*    If  targets  are  not  aligned  in  viewing  porta t  rotate 
mirror  adjuating  screw  until  target  split  image  becomes  aligned. 

Compensating  and  Mounting  the  Aimer. 

1.  For  mechanical  aim,  the. slope  of  the  floor  should  be  known.  ' 

2.  Place  transit  on  floor  In  line  with  vertical  centerline  of  the  right 
front  wheel.    Place  split  image  target  in  like  position  at  right  rear  wheel. 

a 

3.  Adjust  range  screw  on  transit  until  target  split  image  coincides  cr 
merges  into  one  unbroken  line. 

Note:    Make  sure  that  line  of  sight  is  perpendicular  from  the  eye  to  the 
viewing  port  of  the  transit  image  centered  In  viewing  port  of  transit. 

4.  Turn  dial  on  side  of  transit  until  bubble  in  spirit  level  is  centered. 

5.  When  bubble  is  centered,  note  "plus"  or  "minus "  reading  on  compensator 
scale.  This  figure  indicates  the  degree  of  slope  of  the  floor  and  must  be  trans 
f erred  to  e^h  aimer. 

6.  With  a  screwdriver,  turn  adjusting  slot  of  floor  level  compensator 
In  each  aimer,  until  the  correct  plus  or  minus  figure  (or  fractional  part 
appears  in  the  proper  window). 

Mounting  and  Adjuating  the  Aimers 

1.      While  holding  an  aimer  in  alignment  with  the  lens  of  one  OUTBOARD 
headlamp,  bring  aimer  up  to  and  against  headlamp  lens. 

Note:    Make  certain  that  the  headlamp  lens  pads  are  making  full  contact 
with  the  aimer  mounting  flange  and  that  the  aimer  target  Is  facing  inboard. 


-  I  S3 
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2.  Push  the  release  lever  forward  (to  expel  air  from  suction  cup)  and 
while  holding  the  aimer  firmly  against  the  headlight  aiming  pads,  slowly  pull 
che  release  lever  back  until  the  spring  lock  engages  in  the  slot. 

3.  taunt  che  second  .aimer  on  the  other  outboard  headlanp,  in  , the  same 
manner. 

4.  On  each  aimer,  set  pointer  to  numeral  2  on  the  DOWN  side  of  the  DOWN- 
CP  scale. 

5.  On  each  aimer  position  the  pointer,  of  the  RIGHT-LEFT  scale,  at  2-RIGHT. 

CHECKING  HEADLIGHT  AIM 

Horizontal  Check 

1.      Turn  the  RIGHT-LEFT  scale  knob  until  the  split  image  is  in  alignment. 
If  the  RIGHT  or  LEFT  portion  of  scale  exceeds  the  following  values,  the  lamps 
should  be  aimed.    Values  given  represent  inches  at  25  feet. 

RIGHT  LEFT 
#1  UNIT  4  4 

#2  UNIT  4  0 

Vertical  Check 

i.      Turn  DOWN-UP  scale  knob  until  the  spirit  level  is  centered.  If 
DOWN  or  UP  portion  of  the  scale  exceeds  the  following  values,  che  lamps  should 
be  aimed. 

DOWN  UP  „ 

ill  UNIT  1/2  to  3-1/2  0 

iil  UNIT  1/2  to  3-1/2  0 

ADJUSTING  THE  HEADLAMPS 

Horlzoncal  Adjustment 

1.  With  Che  poincer  of  RIGHT-LEFT  scale  still  set  at  2-RIGHT,  sight 
through  the  aimer  viewing  port.    MAKE  SURE  THAT  THE  LINE  OF  SIGHT  IS  PERPENDICU- 
LAR FROM  THE  EYE  TO  THE  VIEWING  PORT  OF  THE  AIMER  AND  THAT  THE  TARGET  IMAGE  IS 
CENTERED  IN  THE  VIEWING  PORT  OF  THE  AIMER. 

2.  While  sighting  through  the  viewing  port  of  che  aimer,  turn  the  hor- 
izontal adjusting  screw  on  the  headlamp  until  the  split  image  target  line  merges 
into  o'.ff  unbroken  line.    TO  REMOVE  BACKLASH,  BE  SURE  TO  MAKE  A  FINAL  ADJUST- 
MENT J  •   TURNING  HEADLAMP  HORIZONTAL  ADJUSTING  SCREW  IN  A  CLOCKWISE  DIRECTION. 


3.      Make  the  horizontal  adjustment  on  the  other  OUTBOARD  headlamp  in  the 
same  manner. 


Vertical  Adjustment 

1.  Turn  vertical  adjueting  screw  on  headlamp  In  a  counterclockwise 
direction  to  bring  the  bubble  of  the  spirit  level  on  the  aimer  to  car  side  of 
center.    Use  care  to  avoid  disturbing  the  installed  position  of  the  aimers. 
Then  turn  the  screw  clockwise  until  the  bubble  is  centered  for  correct  aim  and 
elimination  of  backlash. 

2.  Make  the  vertical  adjustment  on  the  other  OUTBOARD  unit  in  the  seme 
manner. 

3.  Recheck  che  target  alignment  on  each  side  and  readjust  the  horizontal 
aim,  if  necessary.    Proceed  to  adjust  the  inboard  units  by  following  the  instruc- 
tions as  outlined  for  the  outboard  headlamps.    Install  headlamp  trim  panels. 

Note:    Remove  the  aimers  by  releasing  the  spring  lock  at  the  rear  (bottom) 
of  the  aimer  and  pushing  the  release  lever  forward.    Do  not  attempt  to 
remove  the  aimers  by  pulling  them  away  from  the  headlamp  lens.    Slide  the 
suction  cup  downward  and  away  from  the  lens. 


•x 
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General  Vehicle  Maintenance  Branch  3AZR47252-1-HO-206 
Chanute  AFB,  IXlinoie  3ASR47232-H0-403 

15  October  1975 


AIR  SYSTEM  DIAGNOSIS 

.  The  air  system  will  limit  exhaust  emission  to  a  level  below 
requirements  if  it  is  properly  installed  and  maintained;  but,  will 
not  provide  the  desired  reduction  in  exhaust  emissions  If  some  of 
the  engine  components  malfunction. 

Because  of  the  relationship  between  engine  tune-up  and  unburaed 
exhaust  gases,  the  condition  of  the  engine  should  be  checked  whenever 
the  air  system  seems  to  be  malfunctioning.    Particular  care  3hould 
be  taken  in  checking  items'  that  affect  the  fuel-air  ratio,  such  as 
'the  crankcase  ventilation  system,  the  carburetor,  and  the  carburetor 
air  cleaner. 

If  all  other  components  seem  to  be  operating  satisfactorily, 
visually  inspect  the  air  system  as  previously  explained. 

If  malfunction  persists  after  completion  of  tune-up  and  visual 
inspection,  refer  to  the  following  diagnosis  chart  for  symptoms, 
probable  cause,  and  remedy. 

Note!    Use  this  handout  in  support  of  3AZR47350-1-SG-205 ,  for 
recommended  solutions  to  malfunctions. 

Because  of  energy  conservation,  the  vehicles  and/or  engines  will 
be  operated  only  long  enough  to,  accomplish  the  given  malfunctions. 


TROUBLE 


PROBABLE  CAUSE 


REMEDY 


1.     PUMP  NOISY 


Before  trying  to  isolate  the,  cause,  it  should  be 
noted  that  the  air  system  is  not  completely 
noiseless.    Under  normal  conditions,  noise 
rises  in  amplitude  as  engine  speed  increases. 
Air  pump  noise  can  be  conf&sed  with  other 
engine  noises.  fr 


Hofie  disconnected  or 
leaking. . 

Overly  torqued  pivot 
bolt.  . 

Faulty  relief  valve 
•     (if  mounted  in  pump). 


Reconnect  or  replace. 


Torque  to  15-20  feet- 
pounds  . 

Replace  valve. 


Supersedes  3AZR47350-1-HO-206,  8  May  1974. 
OPR:  TWS 

r>rsTHi:«'OTioN:  x 

TVS  -  300;    TTVGC  -  3  / 

Designed  for^ATC  Course  Use.    DO  Not  Use  on  the  Job. 

—  -   


TROUBLE 


PftOBABLE  CAUSE 


REMEDY 


2.    POPPING  IN 
EXHAUST  SYSTEM: 
HOT  IDLE 


COLD  IDLE 
(CHOKE  ON) 


ACCELERATION 


A  "chirping"  noise  may 
b*  prevalent  on  new  pump. 

A  continuous  "knocking" 
nolae  is  indicative  of 
rear  bearing  failure. 

Improper  belt  tension. 

Seized  or  binding  pump. 

Incorrect  or  missing 
pressufe  setting  plug 
(if  relief  valve  is 
mounted  on  pump) . 

Bent  or  misaligned  pulleys 


Sound  similar  to  muffler 
hitting  floor  pan.  Caused 
by  rich  idle  mixture. 


Same  as  above.  Moderate 
popping  is  inherent  design 
characteristic  .of  system 
when  cold. 


Popping  appears  under  load 
from  idle.    Popping  noise 
level  varies  with  timing 
(decreases  with  advance  of 
timing)  and  carb, 
accelerator  pump  short 
duration. 


Allow  break- in  time. 
Replace  pump. 

Readjust.  » 
Replace. 

tf 

Replace  plug. 


Inspect  belt 
alignment,  replace 
pulleys . 


Adjust  idle  mixture 
screws »  use  4 
Specification 
Manual. 

Same  aa  above.  Also 
Inspect  choke  and 
vacuum  break  operation 
and  settings.  On 
manual  choke  models f 
Instruct  operator 
on  proper  operation. 

Check  ignition  spark 
timing.*  Check 
accelerator  pump 
adjustment. 


er|c 


/// 


TROUBLE 


PROBABLE  CAUSE 


REMEDY 


3*  BACKFIRE  IN 
EXHAUST  SYSTEM 


Rich  fuel  mixture  caused 
by:    Inoperative  choke, 
aisadjusted  or  sticking 
closed . 

Inoperative  vacuum  break. 

Use  of  manual  choke : 
generally  overchoking. 

Air  cleaner  element 
restricted. 


Inspect  choke 
operation,  correct 
as  necessary. 


Replace  vacuum  break. 

Closer  control,  of 
choking  period. 

Replace  element. 


4*     BACKFIRE  OR 
POPPING  IN  INLET 
MANIFOLD 


Improper  crankcase*  vent 
maintenance. 


High  fuel  level. 

Diverter  valve  stuck  in 
open  position, 

Diverter  valve  and 
distributor  timing  vacuum 
lines  switched. 


Leaking  inlet  manifold. 


Incorrect  ignition  timing. 


Inspect  sy3 tem. 
Replace pPCV  vaive. 
Check  fitting  at 
carburetor;  may  be 
plugged  with  crankcase 
deposits.  Check 
PCV  filter,  Replace 
if  dirty. 

Adjust  float  level. 

Check  valve.  Replace 
if  defective , 

Correct  nose  routing. 


Check  manifold  bolts 
for  tightness. 

Check  timing  and  set 
to  specs.* 


"*  TROUBLE 


PROBABLE  CAUSE 


Ri 


»    5.    OFF  IDLE 
HESITATION  AND 
ROUGH  IDLE  (HOT) 


6.  ROUGH  IDLE 
OR  SURGE 


Appears  in  acceleration 
period  from  standing  start 
to  approximately  900  rpm 
and  result  from  the 
following: 

Vacuum  leak  -  more 
noticeable  on  hot  engine. 
This  results  from 
unconnected,  split,  or 
oversized  hoses,  or  from 
hot  idle  compensator  not 
closing,  or  opening 
prematurely.    Can  also  be 
caused  by  a  leaking 
carburetor  or  Intake 
manifold  gasket. 

A  third  cause  can  be 
Insufficient  fuel  shot 
from  carburetor 
accelerator f pump  or  fuel 
leaking  past  seal  during 
pump  travel.     (This  does 
not  apply  to  diaphragm, 
type  accelerator  pumps . ) 


i 


Inspect  hoses, 
gaskets,  and  fittings 
for  leaks.  Close 
carburetor  hot  idle 
compensator.    If  this 
corrects  conditions, 
replace  hot  Idle 
compensator . 


Check  accelerator 
pump  adjustment . Vi 
If  rubber  seal  is 
hard,  or  falls  into 
cavity  by  its  own 
weight  (with  return 
^spring  removed) ,  it 
should  be  replaced. 
There  should  be  slight 
interference  between, 
cup  and  wall. 


Carburetor  float  level  low.      Adjust  as  required. 


Initial  timing  out  of 
specification. 


Check  initial  setting 
to  specifications.* 

 1  
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Improper  carburetor 
adjustment,  idle  fuel 
mixture,  choke,  etc. 

Improper  Ignition 
timing. 

Vacuum  leak  at  signal  line 
to  dlverter  valve  or 
distributor,  vacuum  leak 
at  carburetor  or  Intake 
manifold.  ) 

4 


Check  carburet ion  and 
adjust  as  necessary.* 


\ 


*  * 


Set  timing  to  topees. 


Inspect  and  correct 
lines  and  connections. 
Check  for  leaks  at 
carburetor  and  intake 
manifold  gaekets. 


 V 


Ml  4. 


TROUBLE 


7.  ENGINE  IDLE 
SPEED  HIGH 


^    PROBABLE  CAUSE 


REMEDY 


Throttle  linkage  sticking 
or  obstructed  by  heaes. 

Idle  speed  Set  incorrectly. 


Inspect"  linkage  and 
eliminate  points  of  * 
interferences. 

Reset  Idle  speed  co 
specs . * 


8.  ENGINE 
"DIESELS"  AFTER 
IGNITION  IS 
TURNED  OFF 


Idle  speed  to  high. 

Solenoid  (on  units  so 

\ equipped)  «g£uck  in  *nJP" 
position. 


Reset  idle  to  specs. ^ 

Free-up  or  replace 
solenoid .  / 


Low  octane  fuel. 


Use  higher  octane 
fuel  or  premium. 


9.  . OVERHEATED 
EXHAUST  SYSTEM 


Ignition  timing  retarded, 
excessive  burning  in 
exhaust  system. 

Incorrect  or  missing 
pressure  relief  valve 
plug  in  sir  pump.- 


Reset  timing  to- specs -* 


Check  for  correct 
plug.  Install  If 
missing. 


10. *  CHARGED 
DETERIORATED 
SUPPLY  HOSE 


Defective  check  valves. 


Replace  check  valves 


11.    CONSTANT  Broken  hose.  Replace  hose. 

AIR  NOISE 

Dlverter  valve  stuck  Replace  dlverter 

closed.  valve. 


*  nefer  to  Specification  Manual. 


Caution:  Because  the  air  pump  air  filter  provides  a  direct  path 
into  the  pump,  cover  the  filter  whenever  cleaning  the  engine. 
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FOREWORD 


This  programmed  text  was  prepered  by  personnel  of  the  ISD  team  for  use 
,1a  the  3ABR47330  Automotive  Repairman  Com— «    It  vat  validated  with  tar  fit 
population  students  In  1964.    The  text  hes  boon  successfully  used  by  1040* 
students  In  the  course.  f 


•ft 

OBJECTIVES 


1.     Upon  coop lotion  of  port  one  of  this  progressed  text,  you  will  bo  oblo  to 
select  statements  that  Identify  the  purpose,  conponent  locations  and 
■component  functions  of  the  Clayton  chassis  dynamometer. 


2.     Given  the  necessary  hand  too  Is,  e  $ty  nanometer  and  part  II  of  this  progr 
text*  you  will  be  able  to: 

a.     Start  and  operate  the  Clayton  Chassis  Dynamometer. 


b.  Record  readings  taken         the  dynomomotor  Indicators. 

c.  Adjust  the  engine  performance  according  to  text  information, 

3.     Using  the  Information  gained  in  parts  one  and  two  and  given  hypothetical 
dynamometer  test  results  you  will  be  able  to  analyse  and  select  the 
probable  cause  of  engine  malfunctions. 

90%  accuracy  is  required  for  this  program. 

*•* 

INSTRUCTIONS  * 

This .  programmed  r.ext  is  written  in  segments  called  frames .    Each-  frame 
contains  a  bit  of  information  and  Is  followed  by  one  or  more  questions.  Read 
each  frame  and  respond  to  the  question  for  that  frame.    Before* going*  to  the 
next  frame  check  your  answer  with  the  ones  in  frame  50,  which  is  your  confirma- 
tion frame. 


¥  / 

i 


X. 


The  diagram  above  is  thst  of  a  Clayton  6haesis  tynamome^er.  Study 
this  diagram  for  a  few  momenta  to  acquaint  youraelf  with  tha  different 
components.   Notice  that  tha  dynaatfwatar  coneiata  of  an  iMtrunent 
cabinat  (1),  dynamometer  chaaala  (J),  flywheel  cover  (3),  wheel 
chocks  (U),  and  bogle  roll  unite  ($)• 

The  Instrument  end  cooler  cabinet  contains  an  auxiliary  cooling 
system,  power  meter,  speed  meter,  tachometer,  cam  angle  ( dwell)  meter, 
vacuum  gauge,  exhaust  gas  analyser  (combustion  meter) ,  and  various 
controls  for  these  end  other  related  compensate. 

Tha  dynamometer  chassis  contains  the  drive  rollers,  idle  rollers, 
power  absorption  unit,  torque  bridge,  flywheel,  heat  exchanger,  and 
various  other  connected  or  related  component  a. 

Tha  instrument  and  cooler  cabinat  Is  comected  to  the  dynamometer 
chassis  by  a  group  of  wires  and  hoses. 
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Frame  2 


The  chassis  dynamometer  pats  the  vehicle  to  work  exactly  41  it 
works  on  the  road  and  tha  unit  continuously  nmaaoree  tha  ▼afalela>a 

ability  to  work. 

 __ — :  

QUESTION  1. 

???????????  7  ???????  7  7?  ??????  7?  ??????  ? 

?    Which  of  tha  following  statementa  bast  describes  tha  purpoaa  of  tha  ? 

chassis  dynamometer? 

T  |  ? 

a.    To  usA  up  tha  povar  produced  by  a  vehicle. 

1        b.    To  absorb  and  nee sure  road  horsepower.  7 

?        c.    To  use  up  space  in  the  automotive  shop.  ? 

d.    To  provide  jobs  for  other  mechanics. 

?  ? 

s 

????????????????????????????????????? 


The  vehicle  produces  power  which  is  transferred  through  the  rear 
-wheels  and  the  drive  roller  to  the  power  absorption  unit.    Tha  power 
absorption  unit  absorbs  the  power  and  sends  a  aignal  through  a  lever 
to  the  torcjue  bridge.    The  torque  bridge  is  adjusted  by  the  signal 
from  the  power  absorption  unit  and  tends  an  electrical  signal  to  the 
power  meter  in  the  instrument  cabinet*. 


-a 


3. 


QJSS7I0M  2. 

???????????????  ?,  ?  ??  ?  T  ????.?????????  7 

* 

Which  of  these  statements  ii  falas?  , 

a.  The  drive  roller  produces  the  power  indicated  on  the  power 
neter. 

b.  The  torque  bride*  aenda  a  signal  to  the  power  meter. 

e.  .The  power  meU    indicates  the  horsepower  being  produced  by 
the  vehicle. 

d.  .  The  power  absorption  unit  uses  up  the  power  being  prodaced  by 
the  vehicle. 

e.  The  drive  roller  is  not  connected  directly  to  the  torque 
bridge. 

???????  ???????????????  ????????????? 
FESTION  3. 

?????  7  ????????????  1  7  ???  7  ?  7  ???????  ?  ?  ? 

according  to  the  information  in  Frame  2,  which  of  the  following  ? 
statements  is  false? 

a.  The  drive  roller  transfers  power  from  the  rear  wheels  to  the 
power  absorption  unit.  j 

b.  The  power  absorption  unit  absorbs  the  power  being  produced 
by  the  torque  bridge.  ? 


c.    The  amount  of  power  being  absorbed  is  not  adjusted  by  the 
torqWe  bridge. 


? 


d.    The  power  absorption  unit  sends  a  signal  to  the  torque  ? 
bridge. 

??????????????&????????????????????? 


Seems  a  little  confusing  doesn't  it?    Really,  it  isn't.    Just  think 
about  it  for  a  moment.    The  dynamometer  is  reproducing  only  actual 
vehicle  actions,    gow  many  times  have  you  thought,  "If  I  could  only 
diagnose  this  vehicles  trouble  while  it  is  traveling  60  milea  per  hour 
.  I  could  determine  the  ..exact  problem"?  So,  Just  think  of  the  dynamo- 
meter aa  the  highways  you  normally  drive  on  and  perhaps  this  will  make 
the  leeaon  a  little  clearer  to  you. 


I7r> 


The  vehicle  wheels  Are  positioned  on  sad  between  the  rollers  when 
the  vehicle  is  en  the  chassis  dynamometer,  see  figure  above. 


One  roller  is  the  idle  roller  end  the  other  is  the  drive  roller. 
The  drive  roller  is  connected  to  the  power  absorption  unit  by  a  short 
propeller  shaft. 

•  * 

The  power  absorption  unit  is  connected  to  a  shaft  sticking  out  of 
the\top  of  the  torque  bridge. 

The  flywheel  is  connected  to  the  power  absorption  unit  by  a  shaft 
and  an  air-operated  clutch. 


5* 
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ISSTZGNS   U  through  7 

??????????????????????????????????* 

U.  In  the  diagram  abort,  which  arrow  la  pointing  to  the  iola  roller 
Blacken  tha  appropriate  space  (a,  b,  c,  d,  or  a)  on  your  answer  ahaat. 

5.  Using- the  diagram  above,  salaet  tba  correct  stateaant. 

a.  Tha  flywheel  la  labeled  "B". 

b.  Tha  torque  bridge  la  labeled  "B". 

c.  The  idle  roller  la  labeled  "A*. 

d.  The  power  absorption  unit  is  labeled  "D". 

6.  Using  the  diagram  above,  select  the  correct  statement. 

a.  The  torque  bridge  is  connected  to  the  drive  roller  and 
is  labeled  "E". 

b.  The  torque  bridge  is  connected  to  tha  power  absorption 
unit  and  is  labeled  "A". 

c.  The-  torque  bridge  is  connected  to  the  flywheel  and  is 
labeled  "0". 

v 

7.  Using  the  diagram  above,  select  the  correct  statement. 

a.  The  drive  roller  ia  connected      a  short  propeller  shaft 
and  is  labeled  >A«. 

b.  The  drive  roller  turns 'the  power  absorption  unit  and  ia 
labeled  "D". 

c.  The  drive  roller  is  located  between  the  power  absorption 
unit  and  the  flywheel  and  is  labeled  "E". 

???????  ???????????????????????????? 


Frw  6. 

???????????????????????????????????:? 

?     Using  the  figure  In  the  previous  frame,  select  the  correct  statement. 


? 
? 
? 


a.  The  power  absorption  unit  is  controlled  by  the  idle  roller 
and  is  labeled  nB». 

b.  TV..-  Tower  absorption  unit  is  controlled  by  the  flywheel  end 
i.  Heeled  "E". 

c.  The  power  absorption  unit  is  driven  by  the  drive  roller  and 
is  labeled:'  "C" . 


????????????????7???????7??????????? 


The  purpose  of  the  entire  chassis  i/n  water  is  to  duplicate  the 
vehicle's  action  by  absorbing  and  measuring  road  horsepower.  Before 
the  dynamometer  can  duplicate  the  action  of  the  vehicle,  the  power  of 

the  vehicle  must  be  transferred  to  the  power  absorption  unit  by  the 
drive  roller. 


QUESTIONS    9  and  10. 

»  -  v 

????????????????????  ?  ???????????????? 

? 


?      9.    Absorbing  and  meas'iring  the  road  horsepower  is  the  function 

of*  thei 


r  ? 

? 
•  '? 

? 

? 

? 

? 

? 


a-  drive  roller. 

<  b.  power  absorption  unit. 

c.  torque  bridge.' 

d.  chassis  dynamometer. 

10.  Which  of  the  following^units  delivers  rowor  from  the  rear 
heels  to  the  power  absorption  unit? 

a.  Drive  roller.  . 

b.  '  Torque  bridge. 

c.  Chassis  dynamometer. 

d.  Pcwsr  meter. 


? 
? 
? 

• 

? 

? 
? 

9 


?????'???????   ?,??   ???   ??????   /  ^???7?? 


?    ?   ?  ? 
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Frame  7. 


When  the  power  produced  by  the  vehicle  la  used  up  by  the  power 
absorption  unit,  the  torque  bridge  receives  a  signal  fresi  the  power 
absorption  unit  and  relays  this  signal  to  the  power  enter.   When  this 
is  done,  a  horsepower  reading  can  be  taken  free  the  power  sieter. 


QUESTIONS    11  through  13* 

??!?????????????????????????  ????????? 


? 

? 


? 
? 
? 
? 
? 


? 
? 
? 


11.  Which  of  these  units  use  up  power  produced  by  the  vehicle? 

a.  Torque  bridge. 

b.  Drive  roller. 

c.  Chassis  dynwrameter. 

d.  Power  absorption  unit. 

12.  Which  of  these  units  is  responsible  for  receiving  a  signal 
from  the  power  absorption  unit  and  transferring  it  to  the 
power  meter? 

a.  Power  meter. 

b.  Torque  bridge. 

c.  Drive  roller. 

d.  Power  absorption  unit. 

13.  Which  of  the  following  components  is  responsible  for  indica- 
ting vehicle  road  horsepower? 

a.  Power  absorption  unit. 

b.  Power  meter. 

c.  Torque  bridge. 

d.  Drive  roller. 


? 
? 
? 
? 
? 
? 
? 
? 
? 

* 

? 

? 
? 
? 


???????????????????????????????????,?? 


17:) 


8. 


rSTATO*  VAN6S 


ROTOR  PARTITION 
ROTOR  VANES 


STATOR  HOUSING 


The  power  absorption  unit  (  shown  in  the  drawing  above)  is  similar 
to  a  centrifugal  pump  having  vanes  or  blades  on  the  rotor  to  throw 
the  water  outward.    Unlike  a  pump,  however,  the  outside  housing  or 
stator  also  has  vanes  which  oppose  the  flow  of  water  and  make  the 
unit  act  as  a  water  brake. 


QUESTION  1U, 

??????????????????????????  ??????????? 


?  A  power  absorption  unit  acts  like  which  of  the  following  units? 

?  .  a.   Water  brake. 

?  b.  Pump. 

?  c.    Air  brake.  y 


{ 


1 
? 
? 
? 


?????????'??????????  ?????????????????? 


ISn 
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9. 


Br  maintaining  a  constant  amount  of  water  in  tht  power  absorption 
unit  the  load  can  be  held  indefinitely.    By  adding  or  releasing  water 
the  load  can  be  changed.   Water  is  added  or  released  from  the  ?ower 
absorption  unit  through  the  use  of  a  remote  load  control  switch  which 
is  controlled  by  the  vehicle  operator.    To  keep  the  water  temperature 
low  (friction  in  the  power  absorption  unit  will  heat  the  water)  a  heat 
exchanger  is  built  in  the  chassis  of  the  dynamometer.    That  is,  the 
water  is  circulated  from  the  power  absorption  unit  to  the  heat  ex- 
changer and  back  to  the  power  absorption  unit  where  it  is  used  again. 

The  valve  that  operates  the  flywheel  engagement  unit  is  controlled 
air  pressure.    Although  the  flywheel  will  not  be  used  during  this 
lesson,  it  is  wis*e  for  you  to  know  how  it  is  operated. 


LA 

N — 'by  ai 


QUESTION    15-  / 

???????????????  ?  ?  ??????????????  ?•?         ?  ? 


1     How  is  the  flywheel  engaged? 

a.  By  a  water-operated  control  valve. 

b.  By  an  air-operated  control  valve. 
?        c.    By  a  manually-operated  control  valve. 

????????????????H??????H????n???n 


? 
? 

? 


On  the  end. of  the  drive  roller,  opposite  the  power  absorption  unit 
is  located  a  drive  roller  brake  pawl.  When  this  pawl  is  engaged,  the 
operator  Is  free  to  drive  the  vehicle  on  or  off  the  rollers. 


Frame  10. 

QUESTION  16. 

??????  7  ????,??  7  ??  7'  ?????'  H  H  ?????  Z  7  ???  ? 
?  What  is  the  purpose  of  the  drive  roller  brake  pawl?  ? 
'a.    To  keep  the  drive  roller  from  ever  turning. 

? 

b.    To  keep  the  drive  roller  from  turning  only  while  a  vehicle  is 
being  driven  on  the  drive  roller.  ? 


? 
? 


c.    To  keep  the  drive  roller  from  turning  only  while  a  vehicle  is 
being  driven  off  the  dynamometer. 


?        d.    To  keep  the  drive  roller  from  turning  when  a  vehicle  is  being ^, 
driven  onto  or  off  of  the  dynamometer. 

?  ?  f?  ^*  ???????????????  ?????????????????? 


" As  water  is  being  used  in  the  power  absorption  unit,  friction  is 
heating  it.    To  prevent  the  water  from  overheating,  it  is  forced 
through  a  pipe,  which  is  surrounded  by  another  pipe  containing  cold 
water,  and  then  transferred  back  to  the  power  absorption  unit.  This 
heat  exchanger  is  located  on  the  dynamometer  chassis  along  the  frame 
that  supports  the  rollers.  » 


QUESTION    17.  . 

???????  ?*???.?????????????????????????? 

'  What  unit  of  the  chassis  dynamometer  is  responsible  for  cooling  the  ? 
water  used  in  the  power  absorption  unit?  „ 

a.  Power  absorption  unit.  ? 

'  b.  Two  pipes  of  cold  water.  ? 

c.  Heat  exchanger. 

d.  Tha  dynirioraeter  chassis.  ' 

?          '*  _         *               4  ? 

?????????????????  ?S?  ?????????????????? 

1  a 


0 


The  ne*t  few  frames  will  be  a  little  different  frt»  the  last  series 
that  you  have  Just  collated.  Ton  will  now  see  a  picture  with  several 
components  named*  Tear  job  will  be  to  identify  thsse  cc^onente  by 
reading  a  description  of  their  function. 


SrttO   MfTft  C 


OtSTIItUTO*  B 

TCSt  LEADS 


VACUUM  £ 
HOSI 


fXHAUST  GAS  / 
C       PICKUP  HOSI 


( 


QUESTIONS    18  and  19. 
f??????????????????????????????????? 

?     Use  the  drawing  above  to  aid  in  answering  the  questions.  Slacken 
the  appropriate  space  on  your  ai&wer  sheet. 

?     18.    Provides  a  connection  to  the  intake  manifold  of  the  engine 
?  to  sense  manifold  vacuum. 

»  ► 
?     19.    Provides  a  connection  to  Ifce  vehicle  tailpipe  to  sense  the 
quality  of  the  exhaust  gas.  * 


?????????♦??????  ??????? 


????????????? 


1  S3 


12. 


COOLEI  SWITCH  B 


OlSTItlUTOI  A 
T|$T  ICAOS  * 


r 


0  WATII  #111  VAIVI 

£  WATII  CONTIOl 
VAIVI 


A-VOtf  POWCt  £ 
SUMIY  ItAOS 


QUESTIONS    20  through  2l». 

????????????????????????????????????? 


Using  the  drawing*  above,  blacken  the  Appropriate  letter  on  jour 
answer  sheet  (a,  b,  c,  d,  or  e  for  each  question)  which  matches  the 
?  component  in  the  drawing  to  the  description  below. 

?     20.    Provides  a  way  to  fill  the  vehicle  radiator  (if  needed). 


? 


? 
? 
? 
? 
? 
? 


21.    Provides  a  connection  to  the  vehicle  ignition  system  to  sense  ? 
cam  angle  and  engine  RFN. 


22.    Provides  a  aeans  of  switching  the  vehicle  auxiliary  puis; 
(cooler)  on  or  off. 

23<    Provides  a  means  of  controlling  the  flow  of  water  (cooling 
water) . 


? 
? 


2h.    Provides  a  connection  to  a  6 -volt  power  supply  for  the  exhaust  ? 


gas  analyzer 


connect 


? 


?????????????????????????????????77?? 


ERIC 


Prams  13* 


suction  Most  o 


•    HMOTt  LOAD 
CONTtOl  SWITCH 


A  I  HTVtN  MOM 


C    11S-VOIT  fOWM  UNI 


I    CHASSIS  TO 
CASINIT 
CONNKTOI 


qpSSTIOHS    2$  through  29. 

????????????????  1  *  77  77  7  7  7  7  7  ?  7  7  7  7  7  7  7  7 


? 
? 
? 
? 
? 
? 
? 


Q*e  the  drawing  above  while  answering  these  questions. 

2$.    Provides  a  means  of  drawing  water  from  the  vehicle  radiator 
into  the  auxiliary  cooling  system. 

26.  Provides  a  way  to  control  the  load  on  the  vehicle  during 
operation  and  tests. 

27.  Provides  a  means  of  returning  water  to  the  vehicle's  radiator. 

28.  Provides  11$ -volt  electrical  power  to  the  dynamometer  cabinet. 

29.  Provides  a  comection  between  the  sensing  units  on  the  dyna- 
mometer chassis  and  the  instruments  on  the  cablnst. 


??????  tf?????????????*??**77777777777 


30  through  3U. 


???????????????*??????????????????? 

Read  each  of  the  following  statenenti  end  then  select  the  cornet 
mwr  fro*  the  list.  Blacken  the  appropriate  space  on  your  answer 
sheet  for  —eh  qoeetion.   boh  question  will  have  only  on*  comet 


Provides  a  nee na  of  drawing  water 
from  the  vehicle1 e  radiator  into 
the  auxiliary  cooling  syatea. 


30. 


31.    Provides  a  Beans  of  switching  the 
vehicle  auxiliary  ponp  on  or  off. 


a.  Cooler  ponp  switch. 

b.  fttdiator  return 


32. 


Provides  a  way  to  control  the 
load  on  the  vehicle  daring  opera- 
tion end  teats. 


o.   Radiator  suction 
hose. 

d.  Remote  loed\pentrol. 

e.  Cooling  eater 
control  valve. 


33*    Provides  a  moons  to  retain  the 
voter  to  the  vehicle's  radiator 
frost  the  auxiliary  cooling 
system. 

3U.    Provides  a  way  of  controlling  the 
flow  of  cooling  water. 

?????  7  ?????????  7  ?????????  7  ????????  ? 


f 


Prone  1$. 

QPE&TIOHS   3$  through  39. 

???????  1  ????Tt?ttftt?TTttt??T?T?ttt 

Rend  — ch  of  the  following  statements  tad  then  select  the  correct 
manor  from  the  list.  Blacken  the  appropriate  space  on  your  imwr 
shoot  for  each  question,   loon  statement  will  have  only  «•  corroct 


a.  Instrument  cablo. 

b.  ,  Exhaust  gas  pickup 

hooo. 

c.  Distributor  tost 
loads. 

d.  115-volt  potior  cablo. 
o.    Radiator  fill  valve. 


35.  Provides  a  way  to  fill  the 
vehicle's  radiator  if  needed* 

36.  Provides  a  ll$~volt  electric 
power  supply  to  the  dynamo- 
meter cabinet. 

37.  Provides  a  connection  to  the 
vehicle's  ignition  aye tea  to 
sense  can  ancle  and  engine  ~ 

36.    Provides  a  connection  to  the 
vehicle's  tailpipe  to  sense 
the  quality  of  exhaust  gas. 

39.    Provides  a  connection  between 
the  sensing  units  on  .  the 
dynamometer  chassis  and  the 
instruments  on  the  cabinet. 


??????????????????????????????????? 


is? 


16. 


into  *tnn  A 


f 


VACUUM 
OAUOI 


CAM  AMOll  MlTtl 


QUESTIONS   UO  through  U2. 

??????*??  ????*?????????????????????? 


Match  each  of  the  statements  below  to  the  letter  which  shows  that 
component  In  the  drawing  above. 

UO.    Indicates  the  time  in  degrees  that  the  distributor  points 
are  closed. 

•  111.    Indicates  manifold  pressure  In  Inches,  of  vacuum. 
1*2 .    Indicates  the  road  speed  of  the  vehicle  in  miles  per  hour. 


7 

■ 

t 
* 

? 
? 


??????????????????????????????»?????? 


J 


9  9 
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A  rawu  Mini 


Frame  17. 


%  IXMAUST  OAS 
ANAITZII 


QUESTIONS    U3  through  U5- 

?????.???????????n?????????n???????? 

?     Match  each  of  the  statements  below  to  the  letter  which  show*  that  ? 

component  In  the  drawing  above. 

?  ' 

U3.  Indicates  fuel/ air  ratio  and  combustion  efficiency. 

t 

UU.  Indicates  the  speed  of  the  engine  in  revolutions  per  minute. 
•>  * 

US.  Indicates  the  road  horsepower  being  produced  by  the  vehicle 

?  and  used  up  by  the  chassis  dynamometer. 

??????77???????????????????????????;? 


Frame  19. 


QUESTION  5U. 

?  ?  ???????????????  ?  ?????????  ?  ?  ?  ?  ?  ?  ?  ?  ?  ? 


? 

9 


9     Study  the  drawing  above,  the  select  the  statement  from  those  given 
below  which  best  tells  how  this  accident  could  have  been  prevented. 

a.  Always  lock  the  idle  roller  during  operation, 

-? 

b.  Make  sure  all  personnel  stay  clear  of  the  rollers  during 
?  operation. 

?         c.  Never  release  the  clutch  when  the  vehicle  is  in  gear. 

?         d.    Lock  the  wheels  with  the  parking  bx;ake  when  the  vehicle  is 
in  operation. 


??7????????????????  ???????????  ??????? 


t . 


QUESTION 

????  ???  ?^  ???  ???????^  V?  ????/???  ^  ???????  1 


?     According  -to  the  picture  above,  which  of  the  following  statements 
is  correct?  * 


9 

? 


a.  Be  ready  to  stop  the  vehicle  In  the  event  of  an  accident, 
always  chock  the  front  wheals ,  and  never  get  out  of  the 

~  vehicle  during  operation*.  /  ' 

4  .  '  t 

b.  Always  turn  off  the  115 -volt  power  supply  before'  operation. 

c.  Always 'lock  the  brake  pawl  daring  operation. 

d.  Always  lock  the  wheels  with  the  packing  brake  and  unchock 
tlie  foont  wueels  during  operation. 


? 
? 

? 

? 
? 


???'???  ????5  ??????.  ????????  ?????  ??'?.???.? 


*      •  ¥ 
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Fife  XX 


DDUMDMBTSa  OFSRAXXON  AMD  TESTS 


0 


Tou  have  now  ceeploted  Pari  I  of  too  chassis  dfcnwswneter  lesson. 
f>art  n  of  this  loss  an  will  «  <  the  actual  operation  of  a  vehicle  on 
ths>  dynamometer  with-  TOP  st  ths  controls* 

If  70U  have  boon  assigned  tho  necessary  toolsNand  equipment  and 
have  been  directed  to  use  a  specific  dynamometer  And  vehicle,  you 
may  proceed  to  the  next  frame. 

If  you  have  not  been  given  specific '  Instructions  as  to  what 
vehicle  and  dynamceeter  to  use,  C0M3PLT  TtXJR  flISTWJCTOR  NQf. 


Prime. 21.       '         .-.  t 

.1 


-  • 

INSTHJCTICHS 

•  «'*..." 

•  *  » 

Part  n  of  this  lea  son  Is  designed  to  direct  you  through  each  end 
every  phase  of  the  chassis  dynamometer  operation  except  the  operation 
of  the  flywheel.    Tou  will  be  required  to  perform  certain  tasks  end 
record  several  readings  as  taken  from  the  dynamometer  indicators. 

:.  »  , 

<0ne  very  important  thing  to  remember  in  this  part  of  the  lesson  is 
to  read  EACH  WORD  VERT  CAREFULLY.  Each  frame  has  been  designed  \n 
such  a  way  as  to  let  you  proceed  systematically,  through  each,  task  and 
test.  X  MOT  accomplish  any  task  that  is  not  specifically  called  for 
in  the  Trame.  To  do  so  would  only  Jepordiie  your  own  safety  'and  the  ' 
safety  of  others  in  the  shop  area.  ' 

* 

'  4    There  will  be  two  students  assigned  to  this  project.    It-  is  sug- 
gested that  one' student  operate  the  vehicle  while  the* other  assists 
and  observes..   As  soon  as  all  tests  have  been  completed  by  the  first 
student  then  you  may  switch  positions. 

There  is  not  a  full-time  instructor  standing  by  your  side  during 
these  tests.    However,  an  instructor  who  is  a  technical  expert  is 
available  for  your  use.    A  good  policy"  to  establish,  for  yourself  is 

"IF  TOU  ARE  NOT  SORE,  CONSULT  AN  INSTRUCTOR! " 

^Complete  ONE  step  at  a  time.    Read  each  word  carefully.    Take  your 

time. 

* 

You  may  now  proceed  to  Frame  22,  Step  1. 


Before  attempting  to  opesate  the  odometer  or  the  vehicle,  there 
are  «  few  things  thaVsnst  be  taken  earn  of. 

DO  THE  FOlLOwTHO  THDPS.  ^ 

1st  -  Check  the  crankcese  oil  level  lit  the  vehicle.    If  the  oil 
.level  it okay,  «o  on  with  the  other task,  listed  in  this 
step.    If  the  oil  level  is  IOT,  consult  en  instructor. 

2nd  -  Check  the  coolest  level  in  the  vehicle's  radiator.   Fill  it 
if  necessary.      .  *   "  *  ^ 

3rd  -  Check  end  regulate  the  tire  pressures. ^ 

NOTE:   Make  sore  ell  of  the  above  tasks  have  been  completed  before 
going  on  to  the  next  step. 


I 


Step  2. 


ADVISORT:    Read  this  entire  step  before  attempting  the  task. 


3t 


Tou  are  now  ready  to  place  the  vehicle  on  theN  dynaaowster.  ^Tn  this 
course  of  instruction,  the  vehicle  is  always  backed  onto  the  dyne- 


»-»-  •'  ' 

Mow.  start  the  vehicle  \nd  back  it  onto  the  dynaswoter  rollers.  \ 
Use  extreme  caution.    Back  the  vehicle  onto  the  rollers  as  straight . 
as  possible. 


Now.  the  Tehicle  mast  be  »o«tond"  on  the  roller*.    But  la,  fche 
rear  wheela  of  tfaa  ▼ehiclo.  mat  be  in  the  ej*>roxiaate  center  of  the 
rollers  and  at  tha  aaae  tijae,  in  Una  with  tha  front  wheels. 


DO  THIS  HOW:    Place  tha  ▼ehide  in  •hifh"  gaar  cod  carefully  and 
slowly  start  *ne  rear  aneele  to  toming.   Whan  tha  wheels  atari  to 
ton,  they  alii  "Una"  up  with^the  front  abasia.   "Drive"  tha  vehicle 
ror  a  few  seconds. 

'     HOC  -  Place  tha  transmission  in  "nsutral"  snd^aaro  tha  angina  run- 
ningT  Oat  oat  of  the  vehicle  and  chock  the  position  of  the  rear 
wheels fc then  answer  tha  followinf  Question.  y 


qOESTION  .  » 

????*???  7*7,7  ??????  7  ?  7*7  7  7?  7  7  7  ?  7  7  ?  7  7  TV?.?  7 

?     Do  not  record  ^our  answer.    There  are  no  queetiona  in  this  part  of  ? 

the  lesson  tfiich  require  you  to  write  an  answer  or  blacken  a  space; . 
7  Just  answer  the  question  in  your  own  mind  and  do  nhet  the  anawer  aevs.7 

?    "  Are  the  rear  *fceels  In  the  approximate  center  of  the  dynaswsmater  7 

rollers?  -  " s 

7     r  '  j 

TES  -  Good!    Qo  on  to  the  next  step. 

NO  -  Bed!    Consult  your  instructor.    Be  will  aseiat  yon  in  re- 

•?  raying  the  vehicle  frjx*  the.Vollere  and  repoaitionini  it.  ? 

?  *  ?  ?  ?  7  7  7  7  7  7  7  r  7  7  7  7  7  7  7  7  7  7  7  7  7  7*  7  7  7  7  7  7  7  7  ?  7 


.       ^  % :  Step  U. 


Connect  the  "shop  .jfciihoet  venii^to  tne  vejiiele'e  tailpipe.  Bda 
.  will  allow  tha  engine  exhaust  *q  be  vented  puteide  instead  of  iito 
^the'ahoparea.  ^  \ 

 «o  S  :  r-^   .    ft   ■  :  


-  t 


2U.       .  ' 


Chock  the  front  wheels  of  the.  vehicle  using  the  astal  chocks, 


A 


3Up  6. 


The  vehicia  Is  still  "idling"  and  the  transmission  is  In  "nsatral." 
This  nesns  thst  ths  rosr  wheels  sny  be  turned  by  hand. 


HOW  -  Tum  ths  rear  wheels  slowly  by  HUTO  sad  remove  sll  foreign 
objects  from  ths  tiro  treads.    This  ^s  a  ssjTsty  factor. 


Step  7-* 

,  Turn  the  vehicle's  engine  OTP. 

m  ~ 

< 

Step 


Move  the  dynamometer  cabinet  doss  to  the  left  front-  fender  of  the 
vehicle  and  at  an  angle  thst  will  be  easy  to  see  fron  the  driver's 
seat  of  ths  vehicle. 

NOV  -  Torn  the  COOLER  SWITCH  to  the  017  position.  This  switch  is 
locstsd  on  the  cabinet  base  under  ths  meter  panels. 


i 


25, 


.O 


Step  9. 


....  *  f  *  •* 

The  Clayton  Chassis  Dynamometer  Is  electrically  wired  to  a  permanent 
typo  of  wiring,  however,  a  switch  is  provided  to"  activate  the  equip- 
ment*  This  switch  is  located  on  the  well  to  the  rear  of  the  dyna- 
mometer chassis. 

NCW  -  Turn  this  switch  on.  • 
V1 


o. 


Step  10. 


Located  near  the  electrical  switch  is  a  water  valve.   When5  tnis 
valve  is  open,  water  flows  to  the  power  absorption  unit  of.  the. dyna- 
mometer. *' 


.  OPEM  this  valve  now. 


Located  on  the  Wf!  mater  is  a  knurled  thumb  screw. 
Turn  this  screw  until  the  RPM  needle  is  on  "0."  Tfcis 
calibrates  the  meter.    Consult  the  accompanying 
illustration  if  necessary. 


Step  IV 


ytmr 


G 


(JJESTION. ' 

?????;??????'?????????        ?  ?  ??????  ??  t  ? 

,?     Did  the  RPM  needle  set  to *  "0?".              \                     '  '.7 

?        YES  -5-Oood,  you  may  proceed  to.*  the  next  step/             i  '  ^ 

,  NO   -  Re-read  the  Instructions  and  try  again.    Consult  an  Instruc- 

2              *tor  If  necessary.  7 

????7??7???  ?  ?  ???>????f???^??????7???7 


7 


I.  ERIC. 


195 


frame  20.  4 


Step  12. 


The  WILL  MSTBR  mat  also  be  sat  on  ^O."   It  la  "aeroed"  in  tht 
manner  as  the  RFM  mUr. 


Turn  tht  knuriftd  tfawb  screw  on  the  dwell  meter  until  the  needle 
is  resting  on  "O."   Do  tide  now. 


JTIOH. 


.  J 


TttftTtVtttfTtttt  *  ?  ?  ?  ?  ?  ?  ?  t  ?  ?  ?  ?  t  t  »"  ?  ?  t.T, 
?     Ia  the  Dwell  metmr^neodle  on  "0?-"  - 
?  .      TBS  -  Jolly  good!    Ton  know  whet  to  do  so  go  on.    «  7 
?        NO   -  annum  -  you  goofed.    Reed  Step  12  again.    Ton  can  do  it.  ? 

?????????  ?        !?lM!Mt  ?  ?  T.t  ?  *  ?  ???.???? 


Step  13> 


Located  between  the  RFM  mater  and  the  dwell  meter  ia  a  toggle 
switch  marked  "6-12"  and  "2U"  volt.   Determine  the  battery  voltage 
of  the  vehicle  you  Ira  working  with  and  set  the  toggle  rwitch  to  the 
position  that  corresponds  with  that  voltage. 

,      HAMPLE:    If  your  vehicle  has  a  12-volt  battery,  then  simply  set 
the  toggle  switch  in  the  "6-12"  position.  * 


■/ 


27. 


■  pi 


•Step  1U. 


.Located  between  the  RPM  utir  and  the  dwell  Meter  is  e  switch 
that  is  narked  "OFF,"  "CALIBRATE,"  "»»LbBl,»  "8  LQ8X,"  and  "U  LOBS." 

♦  ton 

Turn  this  snitch  to  the  * 
CALIBRATE  position  now. 

Consult  the  accompanying  Qff  4  i0tf 

illustration  if.  need  be. 


CAUtlAft 


I  lOM 


:  > 


Step  1$. 


Now  that  the  switch  is  in  the  CALIBRATE  position,  the  REM  needle 
should  be  in  the  black  area  narked  "BATTERY  CHECK."    Cheek  the  needle 
position  and  then  answer  the  question  below. 


QUESTION. '  t  .  1 

????????????????  ?  ?  ??????????????????? 


* 

? 

i 


Is  the  RPM  needle  in  the  BATTERY  CHECK  area? 

TES  -  Tou  don't  have  to  be  told  what  to  do  how  do  you? 

NO  - 


? 
? 


►  ..'..Don't  do  anything  else  right  now  exfept  consult  ? 
Instructor.    The  RPM  meter  needle  is  battery-operated 
and  like  most  batteries,-  will  sonatinas  fail.    Tour  instruc-? 
tor  will  replace  the  meter  battegy,  for^you. 

DO  NOT  PROCEED  UNTIL  THE  RPM  METER  NEECLE  IS  IN  THE  "3ATTERT  CHECK" 

?  AREA.  *  ? 

?????????????? ?????????????????? 

♦  ■* 


2dr 


o 


Mtor 

tha  " 


Tom  tM»  WBL  HWJUTOt  knob,  located 
the  m  Mttr,  until  the  OMU  fflBSB 
Una. 


St«p  i6. 


the  dmU 
lines  up  on 


o 


Locate  batween  tha  SPIED  aatar  and  the  HOHSHPCWBR 
toggle  switches  aarked  "HI"  and  "LO." 

Sat  BOTH  of  thtsoswitchae  In  tha  "LO"  positions. 


Step  17. 
» tar  art  two 


Stap  18. 


Located  botvaan  tha  RflM  aatar  and  tha  dwell  matar  la  a  switch 
aarkad  "$CO0  RPM"  and  "1000  KFM." 

! 

Torn  tha  switch  to  tha  "$000  RFW*  position. 

INFORMATIONAL  NOTE:    Tou  nay  want  to  know  why  tha  RPM  switch  Is 

sat  to  »$000.«   It*  s  fairly  slwple.    Tha  RPM 
f  ■    aatar  la  iWflgftr*  to  rseord  SPM'i  to  $000  and 

1000..   Tha  top  seala  of-  tha  aatar  reads  to 
$000  and  the  lower  seala  reads  to  1000.  Tou 
will  be  opa rating  your  rahlcla  ai  2500  RPM, 
so.lt  stands  to  reason  that  you  will  na^a  to 
*  uaa  tha  top  seala* 


29. 


■        r .        .  3tapl9. 

V  •  .       <       ■       •  •  .  »  '  * 

Observe  tho  wire,  with  two  loads,  oomlag  fro*  tho  side,  of  tho 
cabineVnoareai  the  dwoll  Mttr,  .This  wire  controls  tho  RFN  sad  dwell 
motors  and  is  ooanoetod  in  tho  following;  maanar:  * 

:  '  •  .  ■  •' 

1st  -.Connect  tho  RED  load  to  tho  distributor 'aids  of  tho  coil  or 
'    to  th4  primary  aide  of  tho  distributor. 

2nd  -  Comoot-thar  fiLACI  load  to  any  good  ground.    (Tho  engine 
block  is  a  good  ground.) 


Stop  20. 


Turn  tho  vehicle's  ignition  switch  ON. 


Observe  tho  dwoll  motor.    If  tho  dwoll  motor  noodlo  ia  sotting  on 
"Q",  this  ia  an  indication  that  tho  distributor  points  aro  OPHI. 
Right  now  you  want  tho  points  to  bo  closed;;. 

Tap  -tho  vehicle  starter  switch  very  gontly  until  tho  dwoll  motor 
goo*  toward  tho  BUCK  BAR  aroa.   Thiga  is  an  indication  that  tho 
points  are  closod. 

t 

With  tho  points  closod,  tho  dwoll  motor  should  indlcato  1*7  degrees 
or  more,  which  moans  that  tho  points  aro  satisfactory.    HOWEVER,  it 
tho  dwoll  motor  is  not  stable,  that,  is  tho  naodlo  koops  dropping  down 
on  tho  scale,  this  is  an  indication  of  exceseiTe  rosistsnco  in  tho 

points. 

Go  to  Stop  20  on  your  wortcshoot  and  fill  in  tho  nocossary  infor- 
mation. — — 


/ 


30; 


^  ■■   "   ~ 

   .'  * '      *  -.  •  -  *  "1 


„Plaee  the  RW/dwll  meter  calibration  twitch  in  the  «£0Btf*  poeition 
which  corresponds  to  tha  number  of  cylinders  in  -tha  vehicle  on  which, 
you  ar*  working.  ... 

EXAMPLE:    #  you  ara  working  nth  i  6-cylinder>  vehicle,  plaea  tha 
lob*  switch  In  the^to  L0B&  poeition.  ,  j 

•    •  „  *  * 

v  NOTE:    If  you  have  forgotten  what  this  aid  ten  looks  like,  you  way 
*    '        rafar  back  to  Fraaa  27,  Step  U*. 


O 


Stop  22. 


Now,'  let's  hook  up  tha  vacuum  meter. 


Located  on  tha  sioe  of  tha  cabinet  nearest  the  dwell  meter  is  a 
small;  hose  with  a  re£  tip  attached..  / 

\  •  m  i 

Disconnect  the  windshield  wiper  hose  from  the  engine  manifold  tnd 
attach  the  vacuum  hoae  to  the  manifold.' 

\i 

NOTE:    If  your  vehicle  does  not  have  wacuum-operated  windshield 
wipers,  you  will  find  an  adapter  on  the  manifold  to  attach 
.the  hose  tp.    If  there  is  no  adapter,  coneuJ.t  an  instructor 
at  once.  .      ■  *» 


v. 


>  31. 


Step  23. 


9  How,  wo  can  insert  the  cooler 4  hosee  into  the  ▼ehiclo's  radiator. 

Although  this  task  Is  fairly  simple,  thare  ara  ctrtain  things  that 
mist  ba  dons  in  order  to  afford  maximum  cooling.. 

i  '  '  "  *  *  * 

*  '•  Remove  tha  radiator  cap.    Raaore  tha  eoolar  hoeeo  from  tha  raar  of 

tha  dynamometer  cabinet.   OBSERTft  that  ona  hosa  has  a  black  ball  at- 

taehad  to  it  and  tha  other  has  a  red  call.   Tha  BUCK  BALL  hosa  is  tha 

suction  hosa  and  the  RED  BALL  hosa  is  tha  return  hose.  .  Place  the  hose 

nestles  in  the  radiator  in4the  following  aennert 

Placn  tha  RED  BALL  NOZZLE  inside  wthe  radiator  tank  so  that  it  is 
pointing  to  tout' LEFT.. 

Place  the  BUCK  BALL  NOZZLE  inside  the  radiator  tank  eo  that  i\ 

is  pointing  to  jour  RIQHT. 

These  nozzles  must  be  separated  to  maintain  constant  circulation. 
'  (Consult  the  diagram  below,  if  you  wish.) 


I  LACK  IAU 


OOtfR  HOWS 
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j   *   ;  :  ' — 

°.  n  .      *  *  Step  2l|. 

Turn  the  cooler  switch  to  •Of."   Remember,  this  snitch  is,  located 
on  the  bascof  the  cabinet  below  the  meters.  * 


V   

*  » 

• 

Step  2$. 

Start  'the  vehicle ! s * engine 

e 

• 

Step  26* 


«  .  AD7IS0RT;-  READ  T5IS  ENTIRE  STEP  BEFORE  PROCEEDIHQ  WITH  THE  TASKS. 

Take  the  dynamometer  remote  load  control  switch  and  hold  it  in 
either  hand.    You  will  observe  that  the  switch  h»s  two  small  buttons 
marked  "OH"  and  "OFF."  -         -    w  > 

►  * 

HOW  -  Put  the^yehide  in  "high*  g%*x  and  act  the  rear  wheels  in 
motion.    Speed  up  the  vehicle  SLOWLY  until  the  SPEED,  meter  on  the 
cabinet  indicates  approximately  30  MFH. 

NOW  -  Push  the  "OH"  button  id  hold  it  momentarily^   When  you 
notice  the  vehicle  being  "bogged"  down,  release  the  "ON"  button. 

MOW  - .After  operating  the  vehicle  for  a .few  seconds  under  "load, " 
'  release  the  load-  by-depressing  the  "OFF"  switch-' 

REPEAT  this  operation  for  3v>r  U  minutes  to  familiarize  yourself 
.  with  the  load  control  switch  and  to  allow  the  vehicle  to  "warm  up." 

CAUTION! !  J 1 1 ! !    AT  NO  TIME  daring  the  above  operation  should  you 
.    let  the  vehicle  go  beyond  hO  MPH. 

"  '  NOW  -  Put  the  .vehicle  transmission.  In  "neutral"  and  leave  the 
engine  Idling.    .  V  ,  - 
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Frame 
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Step  27. 


Turn*  the ,  COMBUSTION  ANALYZER  switch  ( bottom  of  meter  panel)  to,  the 


J3ATTERT  position*  P 


V 


Step  28. 


ADJUST  the  BATTERY  REGULATOR  knob  on  the  cabinet  until  ^he 
CCMSU5TI9N  ANALYZER  needle  is  on  the  SET  line. 


*. 


Step  29. 


TURN  the  combustion  analyzer  switch  to  the  COMBUSTlbN  position. 
ADJUST  the  COMBUSTION  REGULATOR  until  the  analyzer  needle  is  on  the 

SET  line.  \  *  •  . 


V 
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fet  the  ai#  hose  (locatooYat the frsg  of  the  o^namometer '  chassis) 
and  HUM  OUT  the  EXHAUST  C0NBBIS2R  TOUTS,  w  • 

*  CflJTI&KJ ! } ! ! !     Blow  out  the  condenser  can  from  the i^tnlet  side 

OHLT.  "n  , 

COHHBCT  the  urfi,ts  as  shown  In.  the  drawing  below. 

1st  -  Place  the  metal  flexible  hose  well  into  the  tailpipe  (approx- 
imately .8  inches)  and  replace  the v shop  vent  pipe.  * 

.  .  NOTE:    Some  shop  vent  pipes  have  a,  small  hois  in  them  fOrV 

^  this  very  purpose*/ 

2nd  -  Connect  the  cans  vitft  .the  short  hose  (#2) .  * 

3rd  -  Connect  the  long  hose-  fUt)  to  the  OUTLET  side  of  the  condenser 
can  and  then  to  the  dynamometer  cabinet  (near  the  combustion 
analyzer  meter) . 


uexiiiE  n« 
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■Jfff^hgiL1*"  cowhonr  units  connected,  allow  the 

EXHAUST  INALTZER  to  operate  for  approximately  two  (2)  minutes. 


Stop  32. 


Aftor  you  have  operated  the  exhaust  analyser  for  approximately  two 
minutes,  as  required  In  Step  31  above ^JUSCOHMBCT  the  lone*  hose  tram 

the  combustion  analyzer.  "  ■ 


Step  33. 

■ .        '  * 

•  \         '  •  *  ,  „ 

Wheiuthe  exhaust  condenser  units  are  first  connected  to  the  combus- 
tion analyser,  condense tieU  may  form  in  the  analyser  meter.   When  the 
hose  is  disconnected  for  a  few  seconds  the  condensation  has  a  chance 
to  dry  up.    However,*  as  a  result  of  this  condensation,  the  analyser 
may  have  to  be  re-calibrated. 

If  the  long  hdse  is  disconnected,  yoii  may  now  proceed  to  Stench  -  * 


"7* 
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Step  3U. 


Re-calibrate  the  combustion  maimer,  if  need  be',  by  turning  the 
STICK  REGULATOR  until  the  needle  is  again  on  the,  SET  line  . 


Reconnect  the  long  hose  to  the  analyzer. 


•0 


ADVISORY  -  READ  THIS  ENTIRE-  STEP  BEFORE  PROC 


Step  35. 


10  WITH  THE  TASKS. 


The  chassis  dynamometer  is -now  prepared  for.  use.    The  natct  five  ^ 
steps  of  this  lesson  are  very  important  to  you  because  they  contain  » 
the  five  basic  tests  to' be  made  with  the  dynamometer.    Tou  will  be 
required  to  take  certain  readings  from  the  meter  panel,  listen  for 
certain  noises,  and  record  all  of  these  items  on  your  worksheet.  Take 
7<»p  tl«  and  do  rtactly  «  Ht%eUi.  . 

,  Because  you  are  simulating  actual  road  conditions  with  the  dyna- 
mometer, there  will  be  a  good  deal  of  noise  present  during  these  tests 
Do  not  become  alarmed  at  all  of  this  noise. 


CAUTION  Ml!!! 


DO  SOT  GET  OUT  OF  THE  VEHICLE  WHILE  THE  TRANS* 
MISSION  Df  Df  GEAR.    If  you  must  get  out  of  the 
vehicle,  PUT  JHE  TRANSMISSION  IN  HBJTRAK 


37. 


/v 


.  -  SUp  36. 

test  i  -  toil  53BSBS  2222  SB 

*  -j  * 

V      •  v    J  

ADVISOKj:  READ  THIS  ENTIRE  STEP  BEFORE  PROCEEDXNO  WITH  IRE  TASKS. 
Put  the  vehicle  in  "high"  gear  and  start  the  rear  wheels  taming. 


LOAD  the  dynamometer  ( using,  the\renpte  load  control  twitch)  until 
thai  angina  ia  operating  at  FOIL  THROTTLE  (accelerator  on  the  floor) 
and  the  RPM  mater  indicating  2500. 

NOTE:    This  nay  be  difficult,  to  achieve  at  first.  Increaee 
speed  gradually  as  you  depress  the  "ON11  button. 

NOW  -  With  the  vehicle  operatina>e,t  fall  throttle  and  2500  RPM, 
complete  Step  36  on  your  worksheet. 


Step^ 


TEST  II  -  VALVE  OPERATION  TEST 


ADVISORY:    READ  THIS  ENTIRE  STEP  BEFORE  PROCEEDING  WITH  THE  TASKS. 

While  the  vehicle  is  operating  at  full  throttle  and  at  2500  RPM, 
SHIFT  THE  TRANSMISSION  INTO  NBPTRA1  and  let  the  engine  coma  to  idle. 
DO  NOT  UNLOAD  THE  DTHAMOMKTKR. 

a 

NOTE:   When  the  engine  is  coming  to  idle,  the  radiator  nay  over- 
flow.   To  prevent  this,  tap  the  accelerator  lightly  before 
the  engine  gets  all  of  the  way.  to  idle. 

NOW  -  When  the  engine  Is  at  idle,  complete  Step  37  on  your  work- 
sheet. • 

i 

 1  > 


J 


Frame  38. 
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SUp  36. 


TEST  IH  -  POWER  SPTgg  COT-IM  TBST 


ADVISORY:    READ  THIS  ENTIRE  STEP  B 


PBOCEEDTXO  WITH  THE  TASKS. 
The  "dynamiter  is  still  loaded  and  the  engine  it  idling. 

NOW  -  Shift  the  tranaadaaibu  into  "high"  gear  ana  start  thar  wheels 
turning. 

SLOWLY  increase  the  speed  until  the  MAMIXOLD  VACUUM  reaches  10 
*  inches.    Pause  at  10  Inches  until  the  exhaust  analyzer  has  stabilized. 

OPEH  the  throttle  SLOWLY  and  observe  the  exhaust  analyser.  Whan 
the  exhaust  analyser  indicator  moves  toward  the  RJCH  side  of  the  ~\ 
meter,  not*  this  reading  and  record  it  on  your  worksheet  on  Step  3D. 
Remember,  the  reading  when  the  indicator  started  to  move  is  the  reading 

that  ia  to  be  recorded.  <•   •  1 

f  \  I 


Step  39. 

TEST  IV  -  ACCELERATION  TEST 
ADVISORY:    READ  THIS  ENTIRE  STEP  BEFORE  PROCEEDIHO  WITH  THE  TASKS. 


With  the  dynamometer  still  loaded,  reduce  engine  speed  to  approx- 
imately 15  MPH. 

qpiCELT  open  the  throttle  (accelerator  to  the  floor)  and  at  the 
same  time  UNLOAD  THE  DYNAMOMETER.    CAUTION  Mill!    Do  not  let  the 
vehicle  speed  go  beyond  60  MPH  daring  this  test. 

Shift  the  transmission  into  "neutral"  and  complete  Step  39  on 
your  workaheet. 


2U 
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TEST  7  -  F1HT 


ADVISOR*!    READ  THIS  WIRE  STSP  SHORE  PROClBttHO  WITH-  THE  TASKS. 

*  *  * 

BALANCE  the  load  and  throttle  until  you  obtain  uO  HPH  and  10  HP. 
This  la  called  "cruising  Index.*  When  you  hare  obtained  cruieing 
index,  lay,  the  remote  coutrol~pwitcy  to  one  aide.. 


NOW  -  Without  ehangint  the  ^oad,  increase  the  engine  speed  up  to 

#00  RPM.  r 

CGMFX£tE  Step  UO  on  your  worksheet. 


>*3 
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Tou  hare  now  completed  the  testing  phase  of  this  Wesson.    The  next 
thing  to  do  is  to  remove  .{he  rehicle  from  the  dynsmometer^  Although 
this  is  a  fairly  simple  teak,  iVwill  hare  to  be  acccmpliahed  in  a 
jafinite  sequence.  -Follow  ths  procedures  outlined  In  Step  ml. 


21 1 


ft  r£ 


step  la. 


*  fallow  theee  procedure*  carefully  to  remove  tto  vetyLde  f rem  the 
dynememstor. 

1st  -.Torn  the  engine  off. 

2nd 


3rd  - 


Disconnect  the  long  hoc*  (condenser  hose)  from  the  cabinet. 

Torn  the  cooler  switch  to  "Oft*  end  remove  the  noses  * jon  the 
redUtor. 


Uth  -  Remove  the  dwell  meter  wires. " 

$th  -  Remove  the  Tecum  gauge  hose  end  replace  the  windshield  wiper 
hose.  * 

4th  -  Tarn  the  lobe  indicator  switch  to  the  "OFF"  poeiticn. 

7th  -  Push  the  cabinet  to  one  side  and  out  of  the  way  of.  the 
vehicle. 

8th  -  Turn  the -exhaust  analyzer  switch  to  the  "OFF"  position. 

9th  -  Remove  the  front  wheel  chocks. 
10th  -  Remove  the  shop  exhaust  vent  from  the  tailpipe. 
Uth  -  Disassemble  the  exhaust  units  and  blow  them  out. 

12th  -  Turn  the  main  power  switch  (on  the  wall)  to  "OFF.* 
13th  -  Turn  the  water  supply  valve  (on  the  wmlX)  off. 

i 

Utth  -  Engage  the  drive  roller  brake  pawl.    This  pawl  is  located 
on  the  end  of  the  front  (drive)  roller. 

l$th  -  Make  a  quick  check  to  see  that  all  tools  and  equipment  are 
.  in  the  same  position  as  when  you  started. 

16th  -  ;Drive  the  vehicle  straight  off  the  dynamometer  and  park  it 
approximately  10  feet  from  the  dynamometer  chassis'. 


17th  -  Go  to  Step  U2. 


rii. 
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*  » 

All  during  this  lesson  70a  haVe  bM  lending  up  to  a.  point  where 
you  can  analyse  vehicle  performance  and  make  certain  decisions.  Mal- 
functions, aa  you  lunwd  from  the  testing  phase,  show  up  in  nan? 
different  ways  in  a  ▼aU.elo.   Because  of  this,  reason,  rather  than  rula 
plays  the  most  iaportant  rola  in  the  da  taction  of  vehicle  malfunc- 
tions.  It  would  ba  Impossible  to  asks  a  rola  gojrerjjing  each  and  every 
trouble  that  could  exist  In  a  vehicle.   So  now  it  banc— a  neceeeary  to 
analyse  a  problem  and  una  common  sense,  accompanied  by  manufacturer' a 
specifications,  to  determine  these  areas  of  malfunction. 

*  '  ,r 

Za  tha.  next  few  f rases  you  will  be  given  narratives  depicting 
troubles  -you  would1  moat  likely  .find  in  operating  a  vehicle  on  the 
chassis  dynamometer.   Ton  will  be  asked  questions  about  the  narrative. 
Analyze  the  questions  carefully,  than,  select  a  correct  answer  for 
each  question  from  a  given  group  of  possible  solutions. 

a 

Mark  your  answese  on  the  same  answer  sheet  as  you  used  with  Part  I 
of  this  lesson.    Begin  with  answer  56  on  the  answer  sheet. 


Hit  Road  this  odtiro  iiairaatftobaforo  Adapting  to  «mr 
any  of  tho  questions.  Too  nay  refer  to  this  narratlvo 
ot  any  tine.  * 

If  you  recall  when,  you  were  asking  tho  beslo  testa  on  tho  ^bon- 
neter,  ooo  of  tho  iteno  you  had  to  note  was  horoopooar.  Xet«a'ss)f  - 
that  while  operating  tho  Tohiolt  at  full  throttle  and  2500  WH,  you 
lotd  a  auoklac  noiao  at  the  tailpipe,  you  observed  "popping*  through 
tho  carburetor,  and  low  horoopooor  was  indicated  on  tho  motor.  Would 
,  bad  platon  rings  causa  this? ,  feceesively  worn  .rings  would  show  op  ao 
excessive  blowby  at  the  oil  breather,  bat  then  this  wasn't  one  of, 
your  indications  was  It?  How  about  oonpression?  Thia  As  •  probably  . 
your  troublo  but  how  do  you  dofromtao  thia?  If  you  had  a  Mown  head- 
casket  you  should  have  air  bubbles  la  tho  radiator  and  oould  possibly 
near  a  "hissing"  nolao  la'  tho  engine.   But  than,  thesw  wore  not 
things  you  observed  during  tho  toot  were  tfmfl   If  everything  olae  hat 
boon  checked,  than  tho  only  "compression  cospcnsnts"  loft,  would  bo  tho 
valves.    It  la  always  important  t^  include  a  valvw  operation  toot1  in 
tho  dynanonotor  toota  because  sticking  or  burned  valves  will  ahow  up 
M  "popping"  through  tfcjo  carburetor  and  "sucking"  at  tho  tallpipo. 

Now,  answor  tho  next  throo  questions  using  tho  information  la  tho 
above  narrative  to  asaist  you.  ■  > 
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?     56.   Equajly  low  hon^om  on  adjacent  ^"J?*;  t£l  iS^UnW  ? 

S  redUtor,  and  an  audible  hiteing  sound  tt  the  engine  wwXd 
V  indict*  a nslfunction  in  which  of  u>e  following  cue^onents?  7 

?  .           ».  Intake  valves. 

?  bhauat  velvee 

?  •   c.  Headgasket. 

?  d.  Piston  rings*. 

?     57^^Whi^op«rmtiii«  a  vjhicle  on  ^ Sftw  ? 

tod  ^00  H?K,  you  had.«beeltfirinr  In  the  certuretor  and  the 
v? '•  -         roed  horsepower  wasn't  up  to  speciflcattons.   What  is  the  most .7 
probable  cause  of  thli?  ^  ? 

V  •  ' 

a.    Broken  piston  rings.  t 

,    vn>  Blown  headgasket.  ^ 

■>  qV:  Valves. 

d.    Ctrboned  rings. 

58.    During  ▼eMcla  operation  you4  observe  a  good  deal  of  blowby. 
(Blowby  is  smoke  coning  froa  the  oU  breather.)   What  vduld 

lormally  csuse  this?  , 

•  •     *      -  /        ■  ■ 

va.  Rings.  ? 

b.  Valves.  v<  ? 

c.  Readgasket.  i 

d.  None  of  the  above; 

v    •'   '        •  •  • 
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The  ignition*  system  of  a  vehicle  is  a  very  important  and  critical 
system.    All  of  the  components  of  rthe  ignition  system  met  function 
properly  la  order  to  achieve  maximum  horeepOMr.   For  example,  a  mal- 
f  unction  in  the  primary  ignition  ays  tee  would  probably  show  up  as  a 
high  speed  ads -fire;  and  a  secondary  ignition  nalfunction  would  show 
up  as  a  low  speed  mis-fire.    This  would  be  true  only  if  all  other 
systems  had  been  cheeked  and  fouxfd  satisfactory.   Many  thing*  could 
cause  a  vehicle  to  be  aact  rsmeafl  f  *  sluggish.  *   Among  these  things  are 
carburetion  and -basic  timing/  Let?  a  go  back  to  horsepower  again.  In 
the  narrative  just  prior  to  this  one,  we  said  that  a  lack  of  horse- 
power could  be  caused 'by  sticking  or  burned  valves.    That  is*  -if  the 
vehicle  is  operating  et  full  throttle  and  at  2500  RPM.   But,  what  if 
you  bed  a  lack  of  horsepower  during  acceleration?   Thia  could  be  caused 
by  either  carburetion  or  the  advance  system.    So  you  see,  a  lot  of 
things  must  be  considered  before  you  commit'  yourself  to  an  analysis  of 
the  problem: 

Answer  the  four  questions  in  the  next  frame  using  the  information 
in  the  above  narrative  to  assist  you. 


\ 
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?????????? 

$9.    The  Tehiele  Is  extremely  sluggish.    Carburetion  it  satisfac- 
tory.  What  is  the  problem?  ; 

a.  .Primary  ignition. 

b.  Secondary  ignition. 

e.    Basic*  timing, 
d.    Advance  system. 

60.  lrfhen  *©ca&ratiag  on  tha  dynamometer,  under  load,  you 
observed  low  horsepower.    4  compression  check  revealed  satis- 
factory valves.   What  is  the  problem? 

a.    Basic  timing. 

* 

I 

c.  Priaary  ignition. 

d.  Secondary  ignition. 

61.  4  high  speed  ads-fire  is  not  probably  caused  by  a  malfunction 
In  which  of  these  couponents? 

.  ) 


a.  Secondary  ignition. 

b.  Primary  ignition, 
e.    Basic  timing. 

62.    k  low  speed  als-fir*  indicates  problem*  in  which  of-these 
conpciMtxtrS?  ^ 

a.  Secondary  ignition. 

b.  Priaary  ignition^. 

c.  Basic  timing. 

d.  Advance  systea. 
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Carburetion.  is  probably  one  at*  tha  worst  snamiee  of  vehicle 
operators.   Operators  complain  of  poor  gas  sdlaage,  poor  acceleration, 
rough  idle,  sod  saoy  other  things  but  they  do  not  have  a  procedure  to 
follow  la  isolating  tbaaa  problaa  araas.   low  don't  sdjonomrstand. 
Tha  problems  listad  above  ara  carburetion  malfunctions  bat  by  no  swans 
ara  thay  rastrietsd  to  carburation*  Lot's  consider  sons  problsns. 
Tha  exhaust  gas  analyser  shows  that  you  bars  a  rich  aleture.   Tbet  is, 
you  have  too  Mich  foal  for  tha  amount  of  air  700  hsve^  entering  tha 
angina.  Many  things  causa  rich  mixtures,  among  thssi  baiqg  a  ologfod 
air  claanar.   Parhsps  arm  a  oloaad  or  partly  olossd  ehoka  ooold  aleO 
causa  richness.    Always  chock  tha  air  claanar  sod  ehoka,  if  tha  nix- 
tars  is  rich,  and  if  yon,  find  problaas,  correct  thaw.    If  tha  alactors 
loans  out  aftar  cleaning  tha  air  claanar  or  opening  tha  ehoka,  you 
hare  found  the  problaa.   But  suppose  that  your  problaa  is  a  lean  adz- 
tare,   the  engine  is  starving  for  fuel.   Could  be  that  e  fuel  pwwp 
voluse  taet  is  in  order  or  neybe  a  cheek  for  fuel  line  restrictions. 
Bat  let's  look  et  the  vacua*  wstsr  for  a  seeond  or  two*   Suppose*  that 
you  are  operating  in  .fall  throttle  at  2$O0  Hfll.    The  vacuum  reading 
should  be  approximately  1  inch  but  the  water  lndieates  3  Inehee  of 
vacuum.   The  throttle  wnst  be  fully  open  end  the<phoke  fully  open 
if  you" ever  expect  to  attain  proper  vacuum. 

So,  carburetion  is  not  so  staple  after  all,  is  it?   Answer  the 
next  three  questions.    Try  not  to  use  the  narrative  again  unleee  you 
have  to.    Think  of  the  question  as  a  test  on  the  dynamometer  end  make 
some  general  deductions  in  your  mind. 


i 


FBSnOfS  63  through  65. 

1 1  r  t  t.f  f  t  t  t'  t  1 1 1 1  m  t  t  i  i  t  f  t  t  1 1 1- 1  **t  ?  t  ?  t 

63.   The  vehicle  la  operating  at  full  throttle  and  2500  8FK.  1FR 
la  lean.   Where  la  the  problem? 

a.  Fuel  atarvatlon.  *•  #  ■ 
'  b.    Restricted  air  cleaner.  x 

"  •  ( 

c.  Cloaad  etaoka.  '    .  x  . 

t 

d.  Partly  open  throttla. 

6U.    Tha  vacuum  reading  la  much  too  high  at  full  throttla  and  2§0O 
HFM.   What  could  eanee  tlfta? 

ale       Rich  ■iXtttXVe 

b.  Lean  mixture-.  '  •       *  * 

c.  Fuel  atarvatlon. 

d.  Throttle  partly  closed. 

-65.    AFR  ia  very  rich.   What1  a  tha  problem? 

a.  '  Full  open  throttle.  t 

b.  Full  open  choice.  ;  1 

c.  Restricted  air  cleaner. 

d.  Fuel  atarvatlon. • 

??????????!  ?«?*  ??????????????  ?7????7? 


,  How  are  you  at  identifying  drivd  line  noises?  "Did  yen  know  thst 
certain  noises  may  travel  to  other  parts  of  the  drive  lias  sad  sound 
like  they  are  cosing  f  ron  a  certain  component  when  actually  they 
•aren't.   For  sasials,  ■  noisy  transmission  nay  actually  sound  like  a 
growling  differential.    So,  it  is  important  that  ws  establish  certain 
ground  rules  to  follow  while  determining  drive  line  noises.  Although 
we  do  not  use  the"  flywheel  In  this  lesson,  it  would  be  necessary  to 
have  it  engaged  in  order  to  detect  certain,  drive  line  noises.   So,  we 
will  build  typical  problems  and  .Just  assise  that  the  flywheel  is 
engaged. 

i 

While  shifting  the  vehicle  through  its  gears,  yon  notice  a.  sudden 
buildup  of  KPM  but  jrou  detect  only  s  slight  change  In  speed;    it  the 
sane  tine,  you  hear  and  feel  a  • chatter."    It  is  obvious  ihat  ths 
clutch  is  faulty.   But  suppose  the  vehicle  has  %  howling  or  humming  „ 
noise  coming  from  the  chassis,   naturally,  this  noise  can  be  isolated 
to  ths  transmission  or  to  ths  asmr  axis  components,   the  easiest  and 
quickest  wmjr  to  determine  where  ths  noise  is  coming  from  is  to  have 
.  another  person  listen  for  the  noise  while  you  operate  the  vehicle. 
Other  than  these  few  problems  and  the  distinct  popping  sad  snapping 
sound  of  s  fault/, universal  joint,  not  many  o^hsr  noises  should  be 
audible.    Again,  reason  rather  than  rule  will  dictate. 

Let's  answer  these  last  three  questions  now. 
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QBSSTIGNS  o6  through  68, 

i  ?  1 1  ftt  i  1 1  m  trfft  ?  ?  ?  1 1 1 1 1 1 1 1  ?  ?tri  t  ?  n  t 

?     66.   An  increase  in  HEH  vith  no  appreciable  increase  in  speed  and  ? * 

a  chattering  noiaVfs  indicative  of  probloms  In  which  are%  of 

?  the  vehicle?     *  JT-  7 

?  a.    Transmlaaion.  1 

?  *  b.    Differential.         >  7 

?  c.    Clutch.         \  »  t  f 

?  d.   Universal  joints.  7 

?     67.    Tou  detect  a  howling  or  busning  noise  coming  from  tha  chassis.  ? 
"Tha  transmission  haa  bean  checked  and  found  satisfactory.  '  where 
.  ?           would  your  problem  noat  likely  ba? 

*  -  V  , ,  . 

?;  a.    Rear- axle  components.  7 

?  b.    Drive  shafts  ^  7 


? 


?  c.   Univeraal  joint*.  *  7 

?  d.   tmm±aa±cs^   ¥  ? 

?     68.   When  shifting  through  the  gears,  you  bamr  a. "snapping"  or 
"popping"  Mch  time,  you  engage  tha  clutch.   Where  is  this 
?  nolae  coning  from?  v  *  ' 


? 
? 

-? 

?  a.    Differential.  7 


?  b.  Transmission. 

?  w  e.    Rear  axta  components. 

?  *  <h  Univeraal'' Joink.  '  x.  7 

?????????7?????  ?;?**.  ????????  ?*?  ????????? 


V 


Ihia  lesson  ii  now  complete.  Place  all  written  material  together 
.and  report  with  them  to  the  work  control  center. 


QQVONfcXXOM 


b 

25.  d 

49.  a 

2.  a. 

2b.  b 

50.  d 

3.  b. 

v  . 
28.  e 

5X.  a 

*.  >• 

1 

52.  o 

29*  • 

53.  b 

6.  b. 

30.  o 

54.  b 

• 

31.  a 

55.  a 

v     8.  c 

* 

32.  d 

56.  o 

33.  b 

57.  • 

id.*- 

*•  - 

58.  a 

11.  d. 

35.  • 

59.>  « 

12.  b. 

36.  d 

60.  b 

13.  b. 

37.  o 

61.  a 

14.  a. 

38.  b 

62.  a 

15.  b. 

39.  * 

63.  a 

16.  e. 

40.  e 

.  64.  d 

17.  «• 

41.  d 

65*  e 

18.  a.  ' 

'42.  4 

66.  e 

19. 

,43.  b 

67.  a 

20.  d. 

**•  a 

-68#  d 

21.  A. 

45.  * 

* 

'  22.  b 

*6.  d 

23. Q 

47.  o 

24.  • 

.W.  b    ."  ^ 

Frsne  SI 

■  t 

Mttuui a*  a 

-r  » 

Foliar  the  directions  o£  your  las true tor  to  complete  tho  following. 


With  tho  distributor  points  closed,  ansra  aid  ths  deell  Mt#r 
stabilise? 


With  the  distributor  points  clossd,  did  ths  daell  meter  reeding 
keep  falling  off? 

r 


TBS   » 


What  were  ths  following  readings  at  fall  throttls  sad  #00  HPM? 
Horsepower  Ci 


Air/fuel  ratio  Manifold  vscuan  *  inehss. 

Daring  ths  test  did  any  of  ths  following  things  happsn? 
Did  snglns  oil  pressure  drop?  '  _  *° 

Did  engine  ads-fire?    »   1  1» 

Did  you  observe  excessive  blouby?         _        ™  1  110 

IBS  HD 


TBS  HO 


Did  engine  power  fluctuate? 
Did  you  hear  foreign  noises? 

Did  ths  clutch  sUpf    ™    1,0 

Did  ths  exhaust  system  leek?.   TBS   W) 


r«M  52  * 

STEP  #17 

Did  the  -racuug  gange  fluctuate?  _  .    TS3     .  WO 

Did  the  engine  idle  roughly?  ,    TBS  '  W) 


STEP  #38 

* 

Vacuum  reeding: 

inches. 

STEP  #39 

Did  the  engine  mi  a -fire?  _ 

TES 

NO 

Did  you  observe  flatspots?  _ 

  TES  _ 

  NO 

Was  acceleration  rough?  _ 

TES  * 

NO 

Did  you  notice  detonation? 

TES 

* 

NO 

Did  you  hear  foreign  noises?  _ 

TES 

NO  v 

Did  you  notice  backlash? 

TES  - 

"  NO 

FqpM  53 


'  With  tfat  tafiaa  «t  part  throttl*  and  2500  BW,  rtoord  tba  folio*, 
lag  infoxmationt  » 


Air/foal  ratio 
Manifold  v*ewan 


V«hiol«  spaadoMtar 


lnofaat. 


Did  tba  Tactwa  faofa  flnctuata? 
Did  ttta  alo-fira? 
Old  tha  gworator  etaarga? 
Any  foreign  noiaao? 
laj  azeaaalTO  ribrttion? 
Wara  raar  vhaali  unbalanced? 


SO 


p  o  ». 
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FOREWORD 


This  Programmed  Text  was  developed  for  use  in  the  3A  BR  47  3  30,  Automotive 


Repairman  Course  in  4965.  It  wee  validated  with  students  from  the  course, 
90%  of  whom  achieved  the  objectives  as  stated.  The  text  has  been  used  for 
over  four  years,  with  approximately  3,000  students,  and  is  considered  valid. 


OBJECTIVES  ' 

When  you  have  completed  (this  programmed  text,  you  will  be  able  to 

1.  List  the  two -fold  purpose  of  the  weaver  headlight  tester. 

2.  List  the  major  components  of  the  weaver  headlight  tester. 

3.  Match  a  list  of  the  major  components  with  their  location  on  the  weaver 
headlight  tester. 

v       4.     Determine  the  candle  power  of  headlights  using  the  tester  meter  on  the 
weaver  headlight  tester.  \ 

5.     Properly  aimed  the  headlights  of  a  vehicle  using  the  weaver  headlight  X) 
tester.  % 

INST  RUCTIONS 

Record  all  of  your  answers  to  questions  on  the  standard  answer  sheet 
supplied  you  along  with  this  package.  , 

Notify  your  instructor  when  you  have  completed  Part  I  of  this  program-  He 
will  assign  you  to  a  vehicle  and  provide  the  necessary  equipment  required 
'  -  so  that  you  may  complete  the  operation  as  called  for  in  Part  II. 


August  1969 


*  1 
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Frame  1 

-    •  • 

SAD  STORY  DEPARTMENT 

^    .  _   ~  ,    .  *  * 

*   Airman  Harry  Hirsute  was  coming  back*te  bate  late  one  night  from 
leave  when  an  oncoming  vehicle  blinded  him  with  its  headlights.  Harry 
'dimmed  his  lights  and  the  driver  of  the  oncoming  vehicle  dimmed  his 
alto  but  Harry  was  still  blinded.    Harry  drove  off  the,  shoulder  of  the 
*roed  and  blew  a  tire.    By  the  time  that  Harry  got  the  sjpare  on.  he  was 
late  in  reporting  back  in  from  leave. 

*  *  » 

It  is  reasonable  ,to  assume  that  the  oncoming  vehicle  had  its  head- 
lights aimed  improperly.  , 

* 

QUESTION  1. 

The  headlights  in  the  above  story  wefe  aimed 

a.  too  high.  - 

•* 

b.  too  low* 

c.  too  wide. 


Frame  2.  .     •  "V 


•  There  are  many  factors  which  n^ty  cause  headlight*  to  blind  oncoming 
traffic,  One  of  thet'e  factors  is  exce/sive  weight  in-the  trunk.  /Another  - 
factor  iejoo  many  passengers  in  the  rear  seat.   Either  of  these  factors 
will  cause  the  front  of  the>vehicle  to  ride  higher  than  usual. 

QUESTION  2. 

If  the  front  end  of  a  vehicle  is  \iding  high,  how  will  the  headlights  be. 
aimed?  * "  %  \ 

"  -   .  •  *  I 

a.     Too  low.  ../-,  * 

/ 

.      b.    Too  far  to  the  rigs*. 

c.\  ^Too  far  to  the  left,  _ 

*  #  - 

Too  high.  - 

flow  that  you  have  an  idea  of  how  this  program  operates,  no  doubt 
you  would  like  to  know  a  little  mbr*  about  what  you  will  be  doing. 

.  • '  -  * 

1.  „  After  completing  the  Programmed  Package;  you  will  know: 

a.  The  purpose  of  the  Weaver  Headlight  Tester, 

b.  All  the  jftajor, components  of  the  Weaver  Headlight  Tester. 

2.  After  completing  the  Programmed  Task  List  you  will  have: 

a.  Determined  the  candle  power  of  headlights. 

b.  Properly  aimed  the  headlights* x>i  a  vehicle.^ 


Frame  3. 

All  vehicles*  regardless  of  age  or  style,  need  to  have  their  headlights 
(  adjusted  at  one  time  or  another.    Headlights  become  too  high,  too  low, 
too  far  to  the  left  or  to  the  right. 

QUESTIONS  3  and  4. 

3.  What  is  the  best  way  to  determine  if  the  headlights  need  adjusting? 
a.     Through  the  use  of  a  headlight  tester. 

be     With  a  screwdriver, 

Ce     By  a  road  test. 

d.     By  the  Mguess,N  method* 

r 

4.  The  Weaver  Headlight  Tester  used  in  this  training  program  is  an 
excellent  way  of  determining  if  the 

% 

a.  headlights  are  burning. 

b.  headlights  are  aimed  properly. 

c.  „  the  vehicle  has  excessive  weight  in  the  rear. 


2*>'> 
*~  *>  4 


•  *■  v    '   '  ' 

I 

*    •  ■  «  ,  *  ' 

Frame  4  ■ 

„  ;t 

The  Weaver  Headlight  Tetttr  is  used  to  both  aim  the  headlights  and 
to  t«*t  the  Candlepower  of  the  headlights.  That  ia»  determine  how* 
bright  the  headlight*  are,  and  whether  or  not  they  come  within 
specific  at!  one.  ' 

QUESTION  5.  -  .  V  *  ' 

What  is  the  two-fold  purpose  of  the  Weaver  Headlight  Tester? 

a.  The  Weaver  Headlight  Tester  measures  headlight  candlepower. 

b.  The  Weaver  Headlight  Tester  determines  if  the  headlights' are.  . 
aimed  incorrectly.  *  ^ 

c.  The  Weaver  Headlight. Tester  measures  headlight  candrepower  and 
determines  if  headlight  adjustment  is  necessary.  *  *       .  \ 

\ 

x  • 

The  next  few  frames  of  this  program  will  teach  you  the  components 
of  the  Weaver  Headlight  Tester^   Study  these  components  carefully. 
You  will  be  required  to  know  all  of  them  when  you  have  completed  the 
program. 


Frame  5', 


The  diagram  below  ihow«  the  equipment  you  will  be  required  to 
operate, later  on  kiNthii  program.   J<#ook  over  this  diagram  before  going 
on  to  the  next  fram^.    -        -  ,  . 


Frame  6. 

The  first  major  component  of  the  Weaver  Heedttgh* Ttittr  that  we 
wtU  discus •  it  the  tester  case.  The  ease  houses  a  variety  of  mirrors » 
a  meter  for  indicating  candlepow'er,  a  dial  for  determining  the  high  or 
low  position  of  the  headlights,  and  another  dial  for  determining  the  left 
or  right  position  of  the  headlights.  f  . 


QUESTION  6. 


In  the  diagram  below,  which  arrow  points  to  the  tester  case? 
a.    Nr.  1. 


t 


ERIC 


Frame  7,« 


The  diagram  below  shows  a  cross -section  of  the  tester  case.  Located 
directly  on  top  of  the  case  is  a  viewing,  window.  /  If  you  look, through  the 
viewing  window  and  toward  the  back  of  the  case,  you-will  observe  a 
viewing  mirror.  ^ 


t 


QUESTICaM  7. 

i 

In  the_<£agram  below,  which  arrow  is  pointing  to  the  viewing  mirror? 


Frame  8 


On  the  front  of  the  tetter  case  are  two  knobs,  each  of  which. Has  an 
arrow  on  it.  .The  knob  on  the  right  is  used  for  determining  thVnigh  or 
low  position  of  the  headlights.    The  knob  on  the  left  is'jused  to  determine 
the  left  or  right  position  of  the  headlight.    Locate  these  two  knobs  in  the 
diagram  shown  for  tlie  questions  below. 


QUESTIONS  8  and  9.     N  . 

t 

8,.     Which  knob  is  arrow  tfryi  pointing  to 
in  this  figure?   *  f 

a.     The  left-right  position  knob. 


b.  The  high -low  position  knob. 

r 

c.  The  up -down  position  knob, 

9<     Which  knob  is  arrow  Nr.  2  pointing  to 
in  this  figure? 

a.  The  left-right  position  knob. 

b.  The  high -low  position  knob. 


c.     The  up -down  position  knqb* 


8 


9 


Frame  9. 


Study  *he  diagram  below  and  then  use  the  following  list  of  componenta 
.  to  answer  the  next  five  question*. 

_  .......  * 

*  a.  Left-right  knob.  9 

b.  High-low  knob.   '  / 

c.  Viewing  wiftdow,  f  • 

d.  Viewing  mirror. 

e.  Tester  case* 

QUESTIONS  J  Q  through  14. 

10.  To  which  component  is  arrow  Nr.  1  pointing? 

11.  To  which  component  is  arrow  Nr.  2  pointing? 

12.  To  which  component  is  arrow  Nr.  3  pointing? 

13.  To  which  component  is  arrow  Nr.  4  pointing? 

14.  To  which  component,  is  arrow  Nr.  5  pointing? 


2  9  , 
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Fr^me  10. 


v      '  The  tester  case  can  be  moved  upward  orMownward  on  its  frame  by 
grasping  the  handles  on  the  back  of  the  tester  case.  * 


OtjpSTlON  15.  v 

In  the  accompanying  illustration,  which  arrow  points  to  the  tester 
handles?  * 


a.  Arrow  Nr.  1, 

b.  Arrow  Nr.  2. 

c.  Arrow  Nr. 

")      d.  Arrow  Nr.  4. 


-  10 


9 


/ 


Locate^  immediately  behind  the 
tetter  handler  is  the  aiming  screw. 
When  this  screw  is  turned,  the 
entire  tester  case  is  rotated  to 
either  the\right  or  left.   On  the 
upper  'left  side  of  the  tester  case 
is  a  form  of  peep  sight.  Locate 
these  parts  in  .the  accompanying 
illustration. 


QUESTIONS  16  and  17. 


Frame  11. 


16.  Arrow  Nr.  1  in  the  illustration  above  points  fo  which  of  the 
following  listed  components? 


*  a.     Candlepower  meter, 
b.     Tester  sight. 


uming  screw, 
d.     Viewihg  wind6w. 


17.   Arrow  Nr,  2  in  the  above  illustration  points  to  which  of  the 
following  listed  components? 

a.  Candlepower  meter. 

* 

b.  Tester  sight.  # 

c.  Arming  screw. 


d.     Viewing  windo^r. 
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Frame  12. 


----  -^-t 


QUESTIONS  18  through  22. 

Study  the  illustrations  below  and  locate  the  numbered  items. 


Using  the  below-listed  nomenclature,  select  tile  correct  name  for 
each  numbered  item  in  the*  illustration  above.    Enter  your  choice  in  the 
appropriately  numbered  space  on  the  answer  sheet  for  each  numbered 
item  shown  abovjfe.  ^ 

;  1      •  \ 


a.  High-low  knob. 

* 

b.  Tester  lenses. 

c.  Tester  sight.. 

4 

-.d.     Tester  handles. 

e.     Candlepower  meter. 

\ 


11 


i 


12 
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Complete  the  next  five  question*  at  you  did  the  Utt  five, 


a.  Viewing  mirror. 

b.  Left -  right  knob. 
cT^Te'ster  case. 

d.  Viewing  window. 

e.  Aiming  screw. 


1  * 


f  O 
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Frame  14. 


■si 


The  headlight  calibration  stand  consists  of  a  piaca  of  matal  tubing 
on  a  stand.   Tha  tubing  has  a  bracket  at  the  top  to  hold  a  flashlight. 


QUESTION  28. 

In  the  accompanying  illustration,  whicWarrow  indicates  the 
calibration  stand? 


a.  Nr.  I. 

b.  Nr. -2. 

c.  Nr.  5. 

d.  Nr.  4. 


< 


14 


Frame  IS. 


PART  II 

WEAVER  HEADLIGHT  TESTER 
CHECKLIST 

NSf  RUCTIONS  TO  THE  STUDENT:  I  > 

% 

% 

r  • 

Now  that  you  have  completed  the  instructional  package,  you  are  reedy 
to  apply  that  knowledge  to  the  actual  equipment.    There  are  a  few  rules 
that  are  necessary  to  follow  as  you  progress  through  this  checklist. 


RULE  #1. 


RULE  #2. 


RULE  #3. 


RULE  #4. 


RULE  #5. 

RULE  #6. 
RULE  #7. 


Follow  each  step  carefully.    Complete  each  step  before' 
moving  on  tc  the  next  step.  ^ 

*If,  at  any  time,  you  find  a  step  too  difficult,  or  you  cannot 
accomplish  the  task,  specific  instructions  are  given  within 
that  step  for  remedial  action. 

If  you  cannot  complete  a  step.  STOP!    Do  riec  proceed  until 
that  situation  has  been  cleared  up. 

YOU  are  your  o<vn  supervisor.    YOU  are"  responsible  for 
learning  the  task  as  outlined  in  the  book.    You  will  be 
required  to  perform  specific  tasks  at  a  later  time,    Be  sure 
that  you  know  the  material  before  proceeding  to  a  new  area. 

Do  not  place  any  tools  or  equipment  on  the  tester  case  at 
any  time. 

* 

Do^not  lean  on  the  vehicle  at  any  .time. 

Do^iot  abuse  the  tools  or  equipment.    This  equipment  costphe 
Air  Force  many  dollars  and  you  may  be  held  liable  for  damage 

to  it. 


RULE  #8.       Do  not  fail  to  ask  a  question  any  time  that  you  are  in  doubt 
about  any  thing. 

RULE  #9.       DO  .take  your  time  and  enjoy  your  work. 

You  may  now  proceed  to  turn  the  page  and  begin  this  part 
of  the  program  on  Frame  16. 


15 

211 


r 

*  • 

Make  sure  that  the  vehicle  is  unloaded  except  for  the  normal 
cargo.   Normal  cargo  includes  such  items  as  tire  tools*  jacks, 
spare  tires*  etc* 

■  Check  the  tires  for  specified  pressures  and  inflate  as  necessary, 


J 


r6* 


Frame  17. 


Step  #2. 

CALIBRATING  THE  HEADLIGHT  TESTER 

# 

Position  the  Weaver  Headlight  Tester  "squarely"  in  front  of  the  vehicle 
with  the  tester  lens  12  inches  from  the  center  of  the  left  headlight  lens 
(observe  the  diagram  below). 


NOTE:     Some  vehicles  equipped  with  4  headlights  have  2  of  the  headlights 
recessed.     For  calibration  purposes,  it  is  necessary  that  you  select  the 
headlight  that  protrudes  (sticks  out)  the  most. 


QUESTION  29. 

Do  you  understand  this  operation? 

YES  -  Good,  go  on  to  the  next  step. 
NO 


t 


Stop!    Do  not  tyrn  the  page  until  you  have  accomplished 
the  step  described  above.    As  soon  as  you  have  completed 
the  task  described,  you  may  turn  the  page  and  begin  the 
next  part  of  the  task. 

17 


Frame. 18. 


Step 


Now.  -  Roll  the  tester  slowly,  straight  across  to  the  right  headlight. 
STOP  -  Do  not  push  the  tester  in  toward  the  right  headlight. 


When  you  complete  the  task  outlined  above  go  on  to  Frame  19. 
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Frame  19. 


CAUTION:    DO  NOT  ATTEMPT  TO  MOVE  THE  TESTER  AT  THIS  TIME. 

Now,"  measure  the  distance  between  the  tester  lens  and  the  right 
headlight.    Record  this  measurement ^oh  the  back  side  of  your  answer 
sheet  after  item  30.  r 


QUESTIONS -31  and  32. 

.  /  '  _  • 

31*   Did  you  measure  from  the  center  of  the  tester  lens  to  the  Renter 
of  the  right  headlight  lens? 


a*     YES  -  Good,  record  your  measurement  as  item 


%b.     NO    -  Do  so  now  and  then*  record  that  measurement  as 
item  31. 


$2.   Was  your  measurement  at  the  right  headlight  12  inches? 

a.  YES  -'Proceed  to  Frame  22. 

b.  NO    -  Turn  the  page  and  continue  with  F rame  20. 


4* 


19 


2  !  S 


V' 


Frame  20. 


Step  #6.  . 

If  your  measurement  at  the  right^  headlight  was  more  thari  12  inches, 
proceed  with  the  task  listed  in  this  frar^e.  If  the  measurement  was  less 
than  12  inches,  go  to  Frame  21  immediately. 

1*     Your  measurement  was  more  than  12  inches.    Roll  the  tester 
slowly  and  precisely;  along  the  parallel  line  in  front  of  the 

[      .vehicle  uijiil  the  tester  lens  is  directly  in  front  of  the  left  head* 
light  again. 

2,     Turn  the  tester  base  slightly  to  the  right  (approximately  1/2  inch) 
,  as  indicated  in  the  illustration  below. 


r 


3f     Now,  slowly  roll  the  tester  along  the  parallel  line  until  the  tester 
is  again  in  front  of  the  right  headlight  lens.    Measure  the  distance 
again. 

4.     If  th^  tester  is  still  more  than  12  niches  from  the  headlight  lens, 
repeat  the*  above  procedure  (a  fraction  of  an  inch  at  a  time)  until 
the  tester  lens  is  in  position  12  inches  from  both  the  right  and 
left  headlights. 


IMPORTANT:       Always  make  adjustments  while  the  tester  is  in  front 

of  the  left  headlight. 


You  may  now  proceed  to  Frame  22. 

20 
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Frame  2!. 


Step  #7. 

* 

Your  measurement  at  the  right  headlight  indicates 
'lea's  than  12  inches  fr^om  the  headlight  lens .  FOLL 
.RECTIONS  VERY  CAREFULLY. 


that  the  tester  lens 
OLLOW  THESE 


1.      L  3}i4-.htf  .-tea***  r  si  o^vly  and  oreci?  \  y  ^l^ng  the  ^arall^l  line  in  frout 
">f  the  v»*r«cl^  ur.ti?  *h3  tester  l^ns  is  once  again  directly  in  front  of 


j  *    i>  V**?  vHi^hi  lens. 


Turn  the  tester  basa  to  the  left  slightly  (try  about  1/2  inch  at  anime.) 
Follow  the  diagi—  n  below.    •  ♦ 


^3= 

 1  

 r  

/ 


V 


3.  Now,  roll  the  tester  slowly, along  the  parallel  line  un.il  f.he  letter 
lens  is  directly  in  front  of  the  .rifeht  headlight-    Measure  the  distance 
betwee/»^the  tester  lens  and  the  right  headlight  lens. 

4.  If  the  distance  is  still  l&b's  th<m  12  inches,   repeat  the  above  proce- 
dure (a  fraction  of  ari  inch  at  a  time)  until^Yhe  Lester  lens  is  12  inches 
from  both  right  andlyeft  headlight  lens, 


rl>ORT-MT;        Always  make  your  adjustments  while  the  tester  is  in 

front  of  the  left  headlight. 


■  ■  n<r,tr  pro-:*.  ~H  *  )  'Frame  22 
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Frame  22.- 


Step  #8. 


v 


The  tester  lens  is  now  positioned  exactly  .12  inches  from  the  center 
of  both  the  right  and  left  headlights} 


■r 


\ 


Now  that  you  have  completed  the  first  task,  you  are  ready  to  proceed 
to  the  next  task. 


•  CAUTION:      DO  NOT  do  anything  except  the  item  included  in  one  step 
Always  accomplish  an  entire  step  before  \roceeding  to 
the  next  step.  \ 

>  You  may  now  go  to  Frame  23. 


22  , 
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Frcnc  23. 


Step  #9. 


Place  the  calibrating  stand  in  front  of  the.  tester  as  shown  in  th* 

illustration  below. 


t;._ZL_ 


i 


WHITE  LINES 


) 

APPROXIMATELY 
]  INCH 


NOTE:     Observe  the  white  lines  (on  some  stands  this  line  is  black) 
on  the  circular  portion  at  the  top  of  the  calibration  stand, 
and  the  horizontal  white  lines  at  the  tester  lens.  • 


QUESTION  33. 

Are  you  having  any  problems? 

V 

a.  YES  -  ReatT  the»NOTE  above. 

b.  '  NO    -  Go  on  to  the  next  frame. 


*  4 


Frame  24. 


Step  #10. 


Carefully  grasp  the  handles  on  the  tester  support  case  and  move  the 
tester  case  up  or  down  until,  the  horizontal  white  lines  at  the  tester  lens 

are  lined  up  with  the  white  (or  black)  horizontal  lines  on  the  calibration 
stand.    See  illustration  below. 


J 


QUESTION  34. 


Di<i  you  have  any  difficulty? 


a. 


^YES  -  Consult  your  instructor. 


b.     NO    -  Go  on  to  the  next  frame^^- 


24 


Frame  25. 


Step  #11.  . 

^     Carefully  roll  the  teeter  sideways  along' the  parallel  line  until  the  tester 
is' just  to  the  outside  of  the  vehicle.    Consult  the  diagram  below.    The  test 
stand  must  clear  the  vehicle. 


NOTE:     From  now  on,  handle  the  tester  carefuil-y  so  as  not  to  move  it  off 
.  its  parallel  line  with  the  headlights. 


QUESTION  35.  » 

* 

Did  you  accomplish  this  task  satisfactorily? 

a.  YES    -  Go  on  to  Frame, 26. 

b.  NO     -   Consult  the  diagram  above,  then  try  again-    If  you 

are  still  unable  to  accomplish  this  task,  notify 
j      your  instructor.        •  ; 

I 


,  25 
Or 
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Frame  26. 


Step  #12. 


CAUTION:     DO  ^QT  MOVE  THE  TESTER. 

Place  the  calibration  stand  opposite  the  rear  wheel  of  the  vehicle  at 
approximately  the  same  distance  fr*m  the  side  of  the  vehicle  as  the  teste: 
is  from  the  aide.  * 


S 


QUESTION  36. 


That  wasn't  hard  was  it? 


a.  YES    -   Take  another  look  at  the  diagram  above  and  try  to 

figure  out  what  you  did  wrong.    If  you  can't 
correct  the  problem,  call  yo"r  instructor.  , 

b.  NO      -   Proceed* toTrame  27. 


26 


Frame  27. 


"  Step  #13. 

-  Place  a  lighted  flashlight  on  the  calibration  stand  top  so  that  the  light 
shines  through  the  hole  where  the  white1  line  is  scribed.    Point  the  beam 
directly  at  the  tester  lens. 


QUESTION  37. 


Did  you  turn  the  flashlight  on? 

a.  YES  -     Go  on  to  the  next  frame.- 

b.  NO     -     Do  so  now  and' then  go  on  to  the  next  frame. 


'  27 
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Frame  28. 


Step  #14. 

Look  down  through  the  viewing  window  of  the  tester,  and  to  the  rear 
and  observe  the  flashlight  beam  being  reflected  on  the  viewing  mirror. 
Move  the  HIGH-LOW  and/ or  LEFT -RIGHT  knobs  on  the  tester  slowly 
until  the  flashlight  beam  is  well -centered  in  the  large  circle  on  the 
viewing  mirror. 


V 

NOTE:     Care  should  be  taken  not  to  move  the  tester  at  this  time. 

The  operation  just  performed  is  compensating  for  the  level  of  the 
floor. 


QUESTION  38. 

Are  you  having  trouble? 

a.  YES  -     You  had  better  contact  your  instructor. 

b.  NO     -     Good!     Go  on  to  Frame  29. 


0> 


28 
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Frame  29. 


Step  #15. 

After  centering  the  flashlight  beam  on  the  viewing  mirror,  grasp  the  ' 
HIGH -LOW  knob  firmly  with  one  hand  and  without  letting  the  knob  turn, 
move  the  pointer  to  the  mO'  1  position  on  the  dial.    THIS  IS  A  CRITICAL 
TASK. 


NOTE:     After  you  move  the  pointer  to  "O",  recheck  the  flashlight 
beam  to  make  sure  that  it  is  still  in  the  center  of  the 
viewing  mirror. 

QUESTION  39. 

* 

Wag.  the  flashlight  beam  off-center  after  you  moved  the  arrow? 

a.  YES    -    Return  to  Frame  28  and  start  again. 

b.  NO      -    Go  on  to  the  next  frame. 


29 


*  Frame  30. 

1  *  4 

Let's  make  a  quick  review  of  what  you  have  done  to  fax.    You  are 
doing  just  great.    Here  is  a  list  of  the  tasks  you  have  completed. 

1st    -     You  positioned  the  tester  lens  12  inches  in  front  of  both 
"high  beam"  headlights;  ' 

2nd    -     You  matched  the  line  on  the  calibration  stand  with  the  lin« 
on  the  tester  case  (at  the  lens)/ 

3rd    -     You  centered  the  flashlight  beam  in  the' tester  lens  after 
you  had  set  the  calibration  stand  near  the  rear  wheel  of 
,  the  vehicle. 

4th    -     You  set  the  HIGH-LOW|  arrow  to  "'O"  without  moving  the 
HIGH-LOW  knob. 


t> 


After  you  have  read  the  above  review,  you  may  go  on  to  Frame  31 
You're  doing  real  well,    'take  your  time  and  complete  the  tasks. 

♦ 


<? 


•v., 
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Frame  31. 

Step  #17. 

PREPARE  THE  VEHICLE. 
NOTE:    Turn  the  flashlight  off. 

We  are  now  ready  to  prepare  the  vehicle  for  testing.    The  first  thing, 
do  is  to  obtain  a  soft  cloth  and  clean  all  headlights. 


31 
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Frame  32. 


Step  #18. 


One  important  thing,  of  course,  is  to  make  sure  that  all  headlights 
operate.    Turn  on  the  headlights.    While  you  are  in  the  vehicle,  start 
the  engine  and  set  the  throttle  at  a  fast  idle.    (This  last  operation  may 
require  an  adjustment  of  the  idle  screw  at  the  carburetor.  ) 

Running  the  engine  sit  fast  idle  keeps  the  battery  in  a  good  state  of 
charge  and  keeps  lights  at  peak  performance. 

Make  sure  that  all  headlights  are  operating  by  pressing  the  dimmer 
switch.    Both  "high"  and  "low"  beams  must  be  operating  properly. 

QUESTION  40. 

Did  all  headlights  operate? 


a. 


YES 


-    Proceed  to  Step  19  (just  below). 


b. 


NO 


Consult  your  instructor.  He  will  either  repair  the 
lights  or  assign  you  to  another  vehicle. 


Step  #19. 


Rock  the  vehicle  sideways  to  relieve  spring  s#t. 
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Frame  33. 


Step  #20. 

Remove  the  metal  rime  from  around  the  headlight  leiU. 


QUESTION  41. 

Sometimes  these  screws  are  troublesome.    Did  you  remove  the  screws' 
a.     YES    -    Go  on  to  the  next  frame. 
/  b.     NO      -    Ask  your  instructor  for  help. 


33 


Frame  34.         '       -  * 

4 

Step  #21.       .'  - 

* 

Move  the  tester  carefully  and  slowly  along  the  parallel  line  in 
front  of  the  vehicle  until  the  tester  is  located  in  the  center  of  the 
vehicle. 


34 


Frame 


Step  #22. 

Visualize  an  imaginary  line  down  the  center,  of  the  vehicle. 

NOTE:     If  the  vehicle  hood  has  a  ridge  down  the  center,  you  may 
assume  that  this  is  the  center  of  the  vehicle.    If  there  is 
no  ridge,  then  you  will  have  to  make  an  imaginary. line 
through  the  center  of  the  hood,  through  the  center  of  the 
windshield,  and  on  through  the  rest  of  the  vehicle. 


1 
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Frame  36. 


Step  #23. 


Look  through  the  back  sight  of  the  headlight  tester  until  you  locate 
the  centerline  of  the  vehicle.    Once  you  have  the  centerline  in  focus 
\  with  the  back  sight  of  the  tester,  turn  the  aiming  screw  until  the  front 
p    sight  of  the  tester  is  in  line  with  the  back  part  and  the  centerline. 
THIS  OPERATION  IS  CRITICAL. 


QUESTION  42. 


Are  the  back  sight  and  the  front  sight  aligned  with  the  vehicle's 
centerline? 


a,  YES    -    Good,  go  on  to  the  next  frame. 

b.  NO      -    Consult  your  instructor. 


ass 
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Frame  37, 


Step  #24. 


Turivfhe  headlight^  6n  "high"  beam. 


J 


V 


NOTE:    If  the  vehicle  is  equipped  with  four  headlights^ll  four^will 
operate  with  the  dimmer  switch  in  the  highTSeam  position. 
.However,  the  inside  lights  are  the  high  beams.    Thle  outside 
lights  operate  on  either* high  beam  or  low  beam. 

Carefully  roll  the  tester  sideways  along  the  parallel  line  until  the 
tester  lens  is  directly  in  front  of  the  high  beam  headlight.  y 

NOTE:    If  thevehicle  is  equipped  w^th  four  headlights,  you  will  have 
to  cove^r  the  outside  headlight  with,  a  dark  cloth.    Do  this  now, 
t    if  necessary. 


a  i 


/ 


2$ 
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Frame  38. 


step  nss 


Now  that  you  have  the  tester  lensjocated  directly  in  front  of  the  / 

high  beam  headlight,  you  are  ready  for  a  critical  task.    Carefully  {,  

raise  or  lower  the  tester,  case  until  the  maximum  cstodiepower  is 
indicated  on  the  tester  meter. 

i 

NOTE:     Perform  this  operation  slowly.    When  the  headlight  beam 
is  directly  in  the  center  of  the  tester^  lens  the  needle  on 
the  tester  meter  will  be  at  its  highest^ooint. »  That's  where 
you  want  it  right  now. 


QUESTION  43. 


Are  you  doing  everything  as  directed? 


a.  YES 


Go  to  the  next  frame  immediately.. 


b.  NO 


You  had  better  ask  the  instructor  for  assistance. 


2<? 


\ 


38 


•  Frame  39. 

V     Step  #26. 

Now,  roil  the  teeter  sideways  along  the  parallel  line  (beck  end  forth) 
until  maximum  candlepower  is  again  located  on  the  teste/:  meter. 

NOTE:  Roll  the  Hester  slowly.  You  may  not  have  to  move  the  tester 
more  than  an  inch  or  so  in  either  direction  in  order  to  obtain 
the  highest  candlepower  indication. 

You  think  th^at  you  have  the  maximum  candlepower  now,  don't  you? 
Let's  check  and  see  if  you  do.    Carefully  and  slowly  repeat  Steps  25  and  26 
to  see  if  you  can  get  a  higher  c*andlepower  indication.        ,  * 

v.  * 


t.  Now  that  you  have  maximum  candlepower  you  may  proceed  to  the  next 
frame. 

w  * 


39 


Frame  40.  ( 

•    Remember,  the r review  you  had  a  short  while  ago? 

That  review  covered  the  calibration  sequence,  because  you: 


C 


a.  Positioned  the  tester  lens  12  inches  in  front  of  both  high 
beam  headlights. 

b.  Matched  the  line  on  the  calibration  stand  with  the  line  on 
•  the  tester  case  (at  the  lens). 

c.  Centered  the  flashlight  beam  in  the  tester  lens  after  you 
had  located  the  calibration  stand  near  the  rear  wheel  of 
the  vehicle* 

j  d.     Set  the  HIGH-LOW  arrow  to  "Om  without  moving  the  HIGH-LOW 
knob. 

Now,,  take  a  look  at  the  things  you  have  completed  since  the  calibra- 
tion sequence: 

a*     You  cleaned  the  headlights. 

b.  You  turned  on  the  headlights,  checked  them,  and  started  the 
engine  and  set  it  for  fast  idle. 

c.  You  checked  for  excessive  cargo  and  proper  tire  inflation. 

d.  You  rocked  the  vehicle  sideways  to  relieve  spring  set. 

e.  You  removed  the  metal  rims  from  the  headlights. 

f.  You  squared  the  tester  case  by  lining  it  up  with  the  center 
of  the  vehicle  by  turning  the  aiming  screws, 

g.  You  covered  the  low  beam  (on  a  four -headlight  vehicle)  and 
set  the  tester  case  in  front  of  the  high  beam  headlight.  You 
obtained  the  maximum  candlepower  on  the  meter  by  moving 
the  tester  up,  down,  right,  and  left. 

After  reading  the  above  review,  proceed  to  Frame  41. 


40 
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Frame  4i. 

Step  #27. 

Now,  turn  the  HIGH-LOW  knob  on  the  tester  until  the  highest  candle- 
power  reading  ia  indicated  on  the  tester  meter. 

CAUTION:     Do  not  put  your  hand  or  allow#your  sleeve  to  come  between 
the  tester  lens  and  the  headlight.    This  action  could  lower  . 
»  the  candlepower  indication. 

Turn  the  LEFT -RIGHT  knob  slowly  until  the  maximum  candlepower 
is  indicated  on  the  tester  meter. 

You  should  just  about  have  maximum  candlepower  indicated  on  the  meter. 
Just  to  be  sure,  and  this  is  important,  turn  both  the  HIGH-LOW  and  LEFT- 
RIGHT  knobs,  one  at  a  time,  slowly  until  you  are  sure  of  having  maximum 
candlepower  indication*. 

CAUTION:      DO  NOT  LEAN  ON  THE  VEHICLE. 

QUESTION  44. 

Are  you  having  any- problems? 

a.     YES         You  had  better  go  back  and  re -execute  Frames  37 
.   through  41  again.    If  this  doesn't  clear  up  your 
problems,  check  with  your  instructor. 


b.     NO  Proceed  to  the  next  frame. 


Frame  42.  * 

Step*28.  "  * 

INTERPRETING  CANDLE  POWE R  INDICATIONS. 

.  Read  the  candlepower  as  indicated  on  the  tetter  meter. 

This  is  .the  maximum  candlepower  of  the  headlight.    It  is  the  indica- 
tion you  should  get  after  completing  the  adjustments  described  in  the  .* 
next  few  steps.  ^  ' 


NOTE:     The  meter  indicates  candlepower  in  thousands  of  candlepower 
and  the  divisions  on  the  meter  indicate  "POOR,  "  "GOOD,  " 
and  "EXCELLENT.  "  * 


42 


Frtmt  43.  «/* 


Step  #29. 

Look  at  the  HIGH -LOW  knob. 


The  position  of  the  HIGH-LOW  arrow  indicates  how  much  drop  or  rise 
(in  inches)  the  headlight  beam  has  in  25  feet.    EXAMPLE:   If  the  arrow  is 
pointing  to  "4"  at  the  .right  of  "O"  it  means  that  the  headlight  beam  drops 
four  inches  every  25  feet. 


Now,  look  at  the  LEFT-RIGHT  arrow. 


The  position  of  the  EIGHT  -LEFT  arrow  indicates  the  number  of 
inches  the  headlight  is  turned  right  or  left  at  25  feet. 


Frame  44. 


Step  #30. 
ADJUSTMENTS. 


We're  ready  to  make  adjustment!  on  the  headlights  now  if  they  need 
adjustment.    First,  set  the  HIGH-LOW  arrow  to  "3"  to  the  right  of  "O". 
This  figure  is  not  shown  on  the  scale,  so  merely  set  the  arrow  halfway 
between  "2"  and  "4". 


NOTE:    When  the  headlights  are  properly  adjusted  they  will  have  a 
drop  of  3  inches  for  every  25  feet  of  headlight  projection. 


> 


et  the  b£ FT -RIGHT  arrow  on  "O" 


NOTE:     Most  vehicle  operators  prefer  to  have  no  side  angle  to 
their  headlights. 
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Frame  45. 

m  ... 

Now  you  are  ready  to  make  the  necessary  adjustments  on  the  headlight. 
Jhe  HIGH-LOW  knob  is  set  on  "3"  and  the  RIGHT -LEFT  knob  is  set  on  "Q'\ 
Raise  or  lower  the  headlight  until  the  maximum  candlepower  indication  is 
obtained.    When  this  is  done,  adjust  the  headlights  left  or  right  until  the 
maximum  candlepower  is  obtained* 


NOTE:     After  you  have  cotnpleted  the  task  outlined  above,  you  may 
look  into  the  viewing  mirror.    The  mass  of  the  headlight 
beam  should  then  be  centered  in  the  bulls -eye  on  the  mirror. 


You  have  now  completed  all  assigned  tasks  on  the  Weaver  Headlight 
Tester.  f 

Replace  the  headlight  rims,  replace  all  removed  cargo,   and  turn  off 
the  headlights  an<jl  the  engine. 

^  Return  all  tools  and  equipment  to  the  instructor. 

Consult  with  your  instructor  to  see  what  is  next  for  you  to  do. 
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FOREWORD 


This  prograasaed  text  was  designed  for  students  enrolled  In  the  General 
Purpose  Vehicle  Repairmen  Course ,  -3ABR4 7 330.    It  was  validated  by  students 
enrolled  in  that  course  In  1964  and  has  proved  satisfactory  since  that  time 


OBJECTIVES 

Upon  completion  *  of  this  programed  text  you  will  be  able  to  accomplish  the 
following  objectives  with  90%  accuracy. 

1.  Given  three  circuits  and  a  list  of  circuit  conditions,  match  each 

circuit  with  the  correct  condition* 

2.  Given  a  diagram  shcvlng  different  pieces  of  test  equipment  and  a 
list  of  test  equipment  names,  match  each  piece  of  test  equipment  with  the 
correct  name. 

3.  Given  electrical  circuits  with  a  continuity  light  connected  at 
different  points f  indicate  by  each  circuit  whether  the  light  should  be  ON 
or  OFF. 

4.  Given  electrical  circuits  with  a  voltmeter  connected  at  different 
points  and  a  list  of  voltage  readings .  match  the  voltage  reading  to  the 

correct  circuit . 


Supersedes  3ABR47330-PTr40*,  13  May  1970. 
OPR:  TWS 
DISTRIBUTION :  X 

7-42  -  230;    TT-CC  -  1 


Frame  1 


As  Is  true  in  diagnosing  any  trouble,  what  the  driver  states  is 
wrong  with  the  vehicle  merely  reflects  his  impressions.    For  this 
reason,  the  first  step  in  troubleshooting  is  to  establish  the  facts, 
making  the  necessary  correction  where  the  fault  is,  before  proceeding 
with  the  next  step  in  the  operation. 


A  quick  analysis  of  the  entire  electrical  system  to  isolate  individual 
circuits » causing  trouble  is  made  oy  determining  if  current  is  available 
at  various  'points  in  the  main  circuits.    These  tests  can  all  be  made 
from  the  .driver's  seat  and  no  equipment  is  required.    The  tests  used 
are  as  follows  : 

1.  Press  the  horn  button  (momentarily).' 

Si 

2.  Operate  the  starter  switch  (momentarily). 

3.  Turn  the  ignition  switch  "ON"  (1^-seconds)  . 

4.  Turn  the  headlights  "ON"  ( moment sri ly ) . 


0 

Baaed  on  observations  made  during  the  four  (A)  tests  made  above, 
furnish  your  diagnosis  for  the  seven  situations  set  up  on  Frame  2. 


Frame  2 


Qioose  che  appropriate  word(n)  for  each  of  the  following  questions  that 
make  them  TRUE  statements.    Mark  a  or  b  on  your  answer  sheet  to  Indicate 
your  choice  of  answers  for  each  question. 
* 

QUESTIONS    1  through  7 


1.  If  the  horn  sounds,  the  battery  and  battery  cables  are  * 

a.  OK. 

b.  faulty.  v 

2.  If  the  horn  does-  not  sound  but  the  starter  engages,  instruments 
register,  and  the  lights  light,  the  trouble  is  in  the 

,    a.      light  circuit . 

b.      horn  circuit . 

3.  If  the  starter  engages  the  battery,  cables,  and  starter  relay  are 

a.  faulty. 

b .  OK.  * 

4.  If  the  starter  doe-  not  engage,  hut  the  horn  sounds,  the  trouble 
is  in  the 

* 

4^     circuit  breaker  circuit. 
b4      starter  circuit. 

5.  If  the  instruments  register  and  the  lights  light,  the  battery, 
battery  cables,  and  the  circuit  Breaker  are  ' 

a.  OK. 

b.  faulty. 

'6.      If  none  of  the  instruments  reg^ter  and  none  of  the  lights 
lighr,  the  trouble  Is  probably-4n  the  wire  running  from  the 
battery  to  the  "  * 

a.  ytarter.  'v 

b.  circuit  breaker.  *  , 

/  -       •      '  '  . 

7.  If  none  of  The  instruments  register  but  the  ],ights  light,  the 
j  trouble  is  either  in  the  main  feed  wire  to  the  instruments  or 

.,  the  * 

^      a.      ignition  switch.  , 
b.      circuit  breaker. 


\ 

9  ~ 
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Fr 


Circuit  testing,  commonly  known v as  "troubleshooting,"  la  a  means  of 
ayataaatically  locating  faults  In  an  electrical  circuit.  These 
faults  are  usually  one  of  three  kinds :    (1)  Open  circuits  In  which 
leads  or  wires  are -broken,  providing  no  path  for  current  to  flow; 
(2)  Shorted  circuits  in  which  grounded t leads  cause  current  to  be 
returned  by  short  cuts  to  the  sourer  of  power;  and  (3)  Hiri*  res  Ins- 
tance circuits  in  which  lights  bum  dimly  and  relays  chatter, 
because  an  insufficient  rate  of  current  flows  in  the  circuit. 
These  electrical  troubles  may  develop  in  the  units  themselves  or  j 
in  the  wiring.  „ 

f  ' 


QUESTIONS    8  through  10 


Demonstrate  your  knowledge  of  circuit  conditions  by  matching  the 

tow,  to  esch  of  the 


proper  condition,  from  those  listed  tyrtc 
following  numbered  circuits. 


7 


+1' 


L 

UOHT  Off 


1 


I 


in » 


*  4 


10. 


I  It 


LIGHT  Off 


a. 

t. 

c 


ammo  a*curr 


HHHrMmOTAMCC  mamT 


Frame  4 


/ 


^!if~f  !*    /°  troublMho°"«S  •Xectrical  circuit!  in  « 
vehicle  con«i.t.  of  «  continuity  light,  a  Jumper  lead,  and  a 

£0?^;  K^I  «"»"*ty  conai.ts  of  a  small  automotive- 

52  lutntr  w        h two  flexible  laada  conn.ctad  to  tha  contacts . 
ins  Jumper  lead  may  be  any  piece  of  flexible  insulated  lead 
three  to  four  feet  long  (with  an  alligator  clip  «t  each  end).  The 
voltmeter  should  have  long  flexible  Jade  and  Let  be  capable  of 


qUESTIONS  11  through  13 


f 


Match  the  proper  piece  of  test  equipment,  from  the  lettered  lte 
oexow,  to  the  test  equipment  names  in  the  numbered  items  thet 


follow : 


11.  Continuity  light. 

12.  Jumper  lead. 

13.  .Voltmeter. 


2  an 
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Whenever  generator  or  battery  voltage  is  evelleble,  the  continuity 
light  and  the  voltmeter  can  be  used  In  circuit  testing,  since  these 
sources  of  power  will  sctlvate  both  the  continuity  light  and  the 
voltaeter.    The  juaper  lead  is  used  to  provide  a  test  path  for 
power  or  ground  in  a  circuit  or  to  a  unit. 


QUESTIONS    14  and  15 


Match  the  proper  piece  (a)  of  test  equipment  -to  be  used,  from  the 
lettered  items  below,  to  the  applications  described  in  the  numbered 
items  that  follow: 

14.  To  test  a  live  circuit  (power  "ON") . 

15.  To  provide  an  additional  power  or  ground  path  in  a  circuit. 

a.  Continuity  light. 

b.  Jumper  lead. 

c.  Voltmeter. 


A  circuit  in  which  current  flows  through  all  the  elements  from  the 
source  of  power  and  back  is  said  to  be  continuous  or  possess  con- 
tinuity.   However,  if  there  are  opens  in  the  circuit,  current  may 
not  flow  at  all;  or,  If  started,  may  flow  through  only  part  of  the 
circuit  and  directly  back  to  the  source.    Both  shorted  and  open 
circuits  can  be  discovered  by  checking  the  continuity  of  a  circuit. 


2c 


■J 


I 


mc 


A  continuity  light  provides  a  satisfactory  method  of  checking  the 
continuity  of  wiring  on  vehicles.  The  power  for  its  operation  is 
furnished  by  the  vehicle's  storsge  battery. 

/ 

The  following  procedure  indicates  the  steps  that  may  be  used  for 
continuity  checking  with  a  continuity  light  in  a  circuit  which 
consists  of  a  battery,  a  fuse,  a  switch,  and  a  lamp . 


In  the  circuit  shown  above,  first  check  the  fuse       touching  one 
lead  of  the  continuity  light  to  the  load  end  of  the  fuse,  test 
point  A,  and  the  other  lead  to  ground.    If  the  fuse  is  good,  the 
continuity  light  will  light.    If  the  fuse  is  Burned  out,  the 
continuity  light  jwI  11  not  light. 

If  the  fuse  tests  good,  the  circuit  has  an  open.    Then,  with  one 
lead  of  the  continuity  light  connected  to  ground,  move  the  other 
lead  from  test  point  to  test  point  along  the  circuit  following  the 
diagram  as  a  guide.    The  first  "no  light"  condition  indicates  that 
there  is  an  open  in  the  circuit  between  the  last  test  point  and 
the  present  one.    The  lamp  will  light  at  test  points  A,  B,  C,  D,  . 
and  E,  but  it  will  not  light  at  test  point  F.    Therefore,  a^  open 
in  this  circuit  Is  between  test  points  E  and  F. 


* 


3 
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QUESTIONS    16  through  18 


Study  each  of' the  following  circuits.    Than,  choose  the  appropriate 
word  for  etch  of  the  following  statements  to  make  them  TRUE 
statements.  ' 


I 


J_ 

T 


I 


LIGHT  OFF 


CONTINUITY  O- 
-LIGHT 


OF€N  IN  FUSE 


LIGHT  ON 


NORMAL  CIRCUIT 


•LIGHT  OFF 


\ 

OPEN 


OPEN  IN  LIGHT 


The  continuity  light 
in  this  circuit  is 

a.  off. 

b.  on.  * 


The  continuity  light 
in  this  circuit  is 

a.  on. 

•     b.  off. 


The  continuity  light 
in  this  circuit  is 

a.  on. 

b.  off. 
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A  voltmeter  with  long  flexible  leads  provides  a  satis factory  tntthod 
of  chocking  the  continuity  of  the  wiring  end  equlpaent  on  vehicles. 
The  voltage  to  be  checked  by  the  voltmeter  is  furnished  by  the 
storege  battery  of  the  vehicle. 

The  procedure  for  using  the  voltmeter  In  troubleshooting  la  similar 
to  that  of  using  the  continuity  light.    The  advantage  of  using  the 
voltmeter  JLs  that  losses  in  voltage  because  of  high  resist  en  ce  in 
the  circuit  (drop  in  voltage) 'can  also  be  detected. 

The  following  procedure  indicates  the  steps  that  may  be  used  for 
circuit  testing  with  a  voltmeter. 

j  DIM  LK3KT 

a 


POOR 
CONTACT 


I 


LM*»  OM  -  HIGH  RES8TANCE   IN  SWTCH 

^-  Circuit  Testing  With  a  Voltmeter  - 

With  the  negative  (-)  clip  of  the  voltWter  connected  to  ground, 
move  the  positive  t+)  clip  from  point  to  point  along  the  circuit, 
with  thej.  power  "ON." 

Note:    Keep  in  mind  that  this  procedure  is  for  a  negative  ground 
circuit.    If  you  work  on  a  positive  ground  circuit,  you  must 
reverse  the  leads. 

Test  each  unit  and  length  of  wire.    The  first  below  normal  voltage 
reading  on  the  voltmeter  Indicates  that  there  Is  a  high  resistance 
(condition  between  the  last  point  at  which  the  volt  Age  was  normal  and 
th,e  point  of  the  below  normal  indication.    In  the  circuit  above,  the 
voltage  Is  low  at  the  light  socket,  test  point  A,  and  at  the  load 
side*  of  the  switch,  teat  point  B.    At  the  power  side  of  the  switch 
test  point  C,  the  voltage  is  normal.    Therefore,  the  high  resistance 
Is  in  the  switch  contacts. 
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QUESTIONS    1»  through  21 

i 


Study  each  of  the  following  circuits  -  than,  select  che  correct 
•newer  for  each  of  the  following  statements: 


.=.  12V 


I 


UGHT  OFF 


1-  • 


OPEN 


The  voltmeter  in  this 
circuit  will*  read 


a. 

b. 


12  volts. 

less  than 

12  volts. 


c.    zero  volts. 


12V 


1 


i 


OPEN  IN  GROUNO 
LIGHT  OFF  ^  /—OPEN 


OPEN  IN  GROUNO 
POOR  CONNECTION  WM  UGHT 


i  y — • 


1 


HIGH  RESISTANCE  AT  'FUSE 


The  voltmeter  in  this 
circuit  will  read 

a.  zero  volts . 

b.  12  volts. 

c.  less  than 
12  volts. 


The  voltmeter  in  this 
circuit  will  read 

a.  zero  volts. 

b.  12  volts. 

t 

c.  less  than 
12  volts. 


/ 


Frame  10 
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A  jumper  lead  is  *  handy  way  to  provida  taat  paths  for  power  in  an 
•lectrlcal  circuit.    It  can  ba  usad  to  provida  power  to  units »  \p 
coaplate  ground  .cJLrduits  when  oormal  grounds  are  open,'  and  to  short 
around  suspected  units  such  aa  relays  and  switches. 

the  following  procedure  lndicatea  the  steps  thst  nay  he  used  for 
checking  a  circuit  with  a  jumper  lead.  . 


<2L 


OPEN 


.1  *  ± 


JUMPER  LEAD   

'       """"      *     '       *  \ 
LIGHT  OUT  -  OPEN  lit  «WUN0 

-  Circuit  Tasting  With  a  Jumper  Lead  - 

In  the  circuit  shown  above,  the  fuse,  lamp,  and  bettery  all  check 
out  as  being  good. 

If  the  switch  is  .suspected  of  being  inoperative.  Couch  one  end  of 
the  jumper  lead  to  the  power  side  of  the  switch  and  the  other  end  * 
to  the  load  side  of  the  switch,  as  shown, in  the'  illustration  above 
by  jumper  lead  #1.    If  the  switch  was-  faulty,  the  lamp  would  now 
have  power  and  would  light  up.    Inasmuch  as  this  did  not  affect 
this  circuit,  it  shows  that*' the  switch  yes  OK. 

The  trouble  In  this  circuit  is  aa  open  ground  to  the  light.  If 
this  condition  is  suspected,  the  jumper  lead  is  removed  from  the 
switch  and  connected  between  the  light  and  a* source  of  ground, 
as  shown  in  the  illustration  above  by  Jumper  #2.    This  completes 
the  circuit  and  the  lamp  will  now  light  .    The  trouble  can  >e 
corrected  by  providing  a  new  ground  1**^  to  the  lamp  or,  in  an 
emergency,  the  present  w^re  could  be  spliced. 


t 
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Frame  11 


The  horn  circuit  drwn  belov  consist!  6^  a  battery,  a  relay,  a  horn, 
and  a  avltch  (horn  button).    A  relay  it  uaed  in  the  circuit  in  order  to 
reduce  the  voltage  loes.    This  is  done  by  installing  the  relay,  so  diet 
the  length  of  wire  from  Che  battery  to  the  horn  Is  ee  short  as  possible. 
When  the  horn  button  is  pressed,  a  small  amount  of  current  necessary  , 
to  megnetize  the  relay  coil  passes*  through  the  horn  swiften  and  then 
to  gaound.    The  magnetic  field  created  draws  the  movable' contact  down 
to  complete  the  circuit  directly  from  the  battery  to  the  horn.  The 
operation  of  the  horn  relay  is  very  similar,  to  the  operation  of  the 
relays  In  generator  regulators. 


HORN 


GROUND 


BATTERY  .•* 


i 


HORN 
BUTTON 


HORN 
RELAY 


-  Horn  Circuit  - 


QUESTIONS    22  t,hxough  24 


In  checking  the  horp  circuit  shown  above  with  a  jumper  lead,  Indicate 
between  what  lettered  points  you  would  "Jump"  In  ord^r  to  determine  * 
the  following: 

s*  •  .  " 

2^.  4  To  check  If  the  lead  from  the  horn  button  to  the  relay 

S      Is  open,  jump  between  points       \      and  point  __^p* 

'  ■■   23.    To  check  If  the  ielay  fs  getting  power  'from  the  battery, 
jump  between  points,      :       arid'  point  _  ^.  ( 

24*    To  check  if  tjie  horn  will  work?  (blw) ,  jump  between  r 
point*  *  and  point  ' 


2c 


li 


»   — t—  i  : — - 


 ■  ;  

Checking '•  circuit  Co  locate  electrical  trouble*  resolves  itself 
into  the  following  general  procedures: 

1.    Che~ck  che  fuse.    Be.  sure  It  Is  the  one  In  the  circuit* 

you  desire*  to  ^check.    '  t  ,  : 

Check  the  electrical  unit  itself. 

3-    If  both  the  fuse  and  tfce  unit  are  good* '  but  checking/ 
indicates  ah  'open  or  short  in  the  circuit,  check  tl\e  * 
most  accessible  known  points  until  you  locate  the 
trouble*  ^  *  * 

4.    Never  guess Xbcate  the  trouble  in  tie  insulated  circuit  * 

the  operating  unit(s),  or  the  ground  circuit  before  you  . 
■t        rcfaove  any  equipment  or  wires. 


Aftex^  completing  this  part  of  the  training  program*  return  this 
./book  vltfi  ybur  answer  sheet  to  your  instpictop.    He  will  assign 
you  a  vehicle  to  -trouble shoot .  / 


RESPONSE  CONHRMAXION  PANEL 


Question  Correct  I 

dumber  Answer  +       f  « 


1       ;  *  .- 

1.  s  a. 

•  2.  b. 

3.,  ,  'b. 

4.  .<  b.  * 

5.  *  .  a. 
,6.  *  *b. 

*'  7.  ,  a. 

8.  b.  " 

s  9.  c. 

,10.  a.# 

1}-.  -  b. 

\  n.  a. 


i 


Question 

Correct 

Number 

t  ^cs£er 

13. 

14. 

a  end  c. 

,  15-. 

b.  ' 

,  16. 

a.  . 

17. 

b. 

18.  • 

a. 

19. 

c. 

.  2p.; 

21.  . 

"  I- 

22. 

'    s  A  and  E 

23.  • 

C  and  D 

24. 

C  end  B 

i3 
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1**  / 
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CRITERION  OBJECTIVES  AND' TEACHING  ITERS' 


 !  "  ;  t 

a.  .Without  references,  Identify  basic  facts  andrterms  relative  to  principles  of 
operation,  function,  and  relationship  of  power^tr*1t»>*      fcotoponents  with  70X  accuracy, 

.         .  •  •  "  Jv% 

b.  Provided  with  technical* publications,  bench  items,  tools,,  aivl  equipment  and  apply- 
ing automotive  personnel  and  equipment  shop  safety,  repal r* oi^servl cjl  power  trains  « 
and  components  I  AW  the  technical  order.  c     ,  *v        .. .  \\ti±0*  • 


V 


Teaching  Steps  are  Listed  1n  Pattil^ 


*  *■ 
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t#^7*f  »M/lS 


4. 


•EQUIPMENT  LOCATED 
IN  LABORATORY 

7*  Power  Take-Off 


■ 


1  , 


GRAPHIC  AIDS  AND 
UNCLASSIFIED  MAT. 

8.  Film:  TFI-4047F 

9.  Chart:  CAFB  67-106 


10. 
11. 
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67-267* 

67-268 

67-269 
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1. 


INTRODUCTION 


2. 


Attention, and  Motivation:   Every  automobile  on  the  road  today  will  require 
some  decree  of  maintenance  and  service  at  one  time  or  another.  A  conserva- 
tive estimate  will  be  tjtat  about  401  of  this  maintenance  w11l  invoke  the 
power  trafn.  "Will  you  be  ready?" 

Review:   Your"  last  three  blocks  of  Instruction  were  dedicated  to  engine' 
construction,  operation,  support  systems  and  tune-up  procedures.   Now  comes  * 
the- time  to  make  tMs  power  useable  at  the  wheels.   We  will  now  go  over  any 
question. about  last,  night's  assignment,  3A8R47330-SG-50H  3ABR4733Q-PT-501 . '  '■■ 
Grade  outside  asslanment;  reteach  as  necessary. 

Overview  and  TIE-lN:  Describe  the  overall  purpose,  construction  and  operation 
(Chart  ©7?l06)ra1n  ^  itquin?i  1fl  **1dl  ltirn1n9  9™***  will  be  developed/ 


BODY 


PRESENTATION:  . 
1.    Ref:  Para  a/^ert  1 
a.  dutch 

(1)  Purpose 


(a)  Provides  means  to  connect 
or  disconnect  engine  and 
transmission 

* 

(b)  Smooth  engagement  jf  power 

(c)  Allows  sh1ft1ng;,'of  gears 
without  stopping 

(2)   Location  ' 

(a)  Directly  .behind  engine 

(b)  Between  engine  and  Trans- 

^       '  .mission 

'3)  Types  . 

(a)  Classified  by  type. of 
springs  usedln  pres- 
sure plate 


1  Coll  spring 

2  Diaphragm  spring 
(b)  Centrifugal  operation 


hrs.  30  m1n 


Conservation  of  Utilities  a 
Resources 


Chart  CAFB  67-106 

Cross-cut  view:  Automobile  Cha*st 


•org  A  Beck,  3  finger 
flU-vettes 


M.  * 


*  (tfY  Multiple  disc   ■  Bikes*  afttomttlcs 

(4)   Construction  and  Operation*  -  CC. 74-20  . 

(a)  Drive 


1  '  FlywheeT  -  polished         .  Boltod  to  crank  cast 
surface  *  *  hardened  bolts 

■  •      .  •        *  *  * 

'2    .  Pressure-  plate 

e>  —  * 

a     del tad  to  flywheel       Cast  hardtntd  bolts 

*P      —  4 

k     Soring  press* 


Isc  to -fly* 


c.     Springs,  rtltast  ltvtr        show  b^nch  items 
*  *n-  cost  Iron  plate  Clutch  assy,  components 

part  of  assembly  m> 

•  f 

(b)  Driven  Member  -  Clutch  Qlsc  "j 

1  Opt rattS  betwee  n  the  two  . 

.   v"     drive  members  >  v 

•?        •  -      '      .  - 

2  Friction  facings 


\ 


a      Rtveted  to  maul 
basking  of  plato 

b      Creates  friction 


c     Lining  Material  cosh    Nota^  linings  -  high  perf . 
posed  of  Woven  as bos*  y  4 

•  tos  and  cotton  fibres  '> 
reinforced  with  brass  Why  brass  wire? 
wire*  segments 

■  3     SpHned  center  hub 

turns  the  transmission 

Input  shaft,.     ^   v  ^ 

\  •      ;  * 

•  4     hub  1s  flexible  on.  tor-  -  • 

slon  springs  to  dampen  \ 
shock^f  Initial  engaging  . 

'(c)  Controls  and  Unfagts  \  \ 

1     mechanical  linkage 


4t  ' 


(2)« 


EQUIPMENT  LOCATED 
Itt  LABORATORY  

7.  Power  TAke-Off 


clut 

Hydraulic  linkage 

a     Pedal  operates  piston 
1n  hydraulic  cylinder 


What  benefits? 


Pressure  carried  to  a  Similar  to  Hyd.  brakas 
A  slave  cylinder  through'  v 
Unas  f 


c     Slave  cylinder  operates 

?ush  *od  for  release 
ever 

Clutch  fork  (relaase  layer) 
a     Arm  pivoted  In  hoJsIng 

\ 

b     Holds  and  operates 
release  bearing 


Activated  by  pedal 
or  slave  cylinder  linkage' 


ibv 

cyl 

d     returned  by  spr1  ng 
Release  Bearing* 
a 


GRAPHIC  AIDS  AND 
UWCLASSIEIEP  MAT. 

9.  Chart:  CAFB  67-10$ 


\ 


Bearing  depresses  the 
pressure  plate  levers 


10. 

11.  f 

12.  »  ' 

14.  ,r. 

15 .  "  ■ 

16.  " 

Factory  packed  bearing  Cannot  be  repacked 


Slides  on  collar  over 
transmission  Input  shaft 


74-20 

67-264 

67-265 

67-266 

67-2fe? 

67-268 

67-269 


(d)  Clutch  adjustment  (FREE  TRAVEL) 

* 

1  Free  travel -distance 
bearing  travels  before 
contacting  release 
levers- 

2  Clearance  controlled  by 
either  lengthening  or 

,  shortening  control  rod 


Explain  .consequences  of 
Incorrect  adjustment 


3     Measurement  1s  made  at  atdal 

Standard  Transmission 


Chart  67*106 


(1)  Purpose:  To  provide  a  suitable 
goar  ratio  between  angina  and 
roar  axles  for  various  driving  , ' 
conditions 

(a)  Selective  speeds  or  ratios 

that  match  demands 

■  ,  * 

(b)  Provide  a  neutral  position 

(c)  Provide  a  ravarst  gaar  '  ^ 

(2)  Location  and  types 

(a)  located  tlahlnd  angina  and 

clutch  , 

(b)  Selective  typas  -  3,  4,  or 
5  spaad  \ 

(c)  Auxiliary  transmission  . 

•    ,     1     Locatad  behind  main  trans - 
~\    mission  -  / 

2  Separate  shVft  J  ever  in* cab 

3  Gives  additional  gaar  ratios  EXPUIN 

(3)  Construction  and  Operation* 

(a)  Vented  Casa  .  WHY? 

Cb)  Shafts  *  .  . 

■  » 

'  *       1  Input  or  clutdr  shaft 

t  Main  or  output  sWt 

3  Countershaft 

4  '  Reverse  Idler  shaft        v  *  • 
(c)'  Typas  of  gaars 

1  *  Spur 

2  Helical 


Tm.  60-2828 


Show  3  sod.  transmission  to 
Illustrate  components 


/ 


29 1 


Mow  typtt  tiftwtogw  «f  trch 


(4) 


(df  BaaMngs:   to  /support  and  . 
alltfn  shafts  In  east,  and  gaars 
on  shafts' 

(a)  Bushings:  can  bt  usad  1n 
soma  artas  1ft  11eu  of  baarlng 

(f)  Thrust  platas:   usad  to  saparata  WHY?, 
gaars  and  gaars  from  casa.  » 

•  ■     *  . 

(9)  Synchronlzar  unit:  davlca 
usad  to  aquallza  spaad  of 
two  moving  gaars  or  shafts 
to  facllltata  smooth  aogaga- 
mant 

(hj   Control.  Covar 

1  Locatad  on  top  or  s1da  x 
of  transmission  casa 

2  Housas  shaft  and  shifting    Also  datants 
forts  . 


Show  a  axpUIn 

> 


3     Connactad  to  shift  lavar 

*  r 

(1)  Oparatlon 

1  Input  and  counts*  shafts 
"     1n  constant  mash 

2  Malnshaft  is  output 

2     Ravarsa  Idlar  1n  constant 
mash  with  countarshaft. 

Powar  taka^off  (PTO) 

(1)  Purposa:  Attachmant  to  trans - 
.   mission  which  provldas  rotating 
forca  to  powar  auxiliary  aqulp- 
mant 

\t)  Construction  and  Oparatlon 

(a)  Sliding  gaar  which  will  mash 
with  countarshaft 

*  * 

(b)  PTO  output  shaft  connacts 
to  auxiliary  ccmponant,  I.E. 
wlnchas,  pumps 


Film:  TFI  4047-F 

Charts  67-106  - 
264 
265 
266 
267 


269 

Tra1nar:60-2534 
Trucks  A  Tractors 

*  .* 

s 

Show  powar  taka-off 


(c)  Star  1s- engaged  or  d1s-. 
engaged  from  counter-  ■ 
shaft  by  linkage  fro* 
cab  of  vehicle 


Usually  scable 


(«  Typts 

(a)  Single  Gaar 

(b)  Reproduction 

(c)  Double  drivt 

APaiCAlfoN:  '  ' 

1 .     Refpara  b,  part.  1 
CoMnon  handtools 
Bench  "1  tans 


"Special  Tools'1 


EVALUATION: 
1 .    Why  do  wo  nood  a  transmission? 
2:    Define  tho  tons  gear. 

3.  What  drives  tho  transmission  Input  shaft? 

4.  What  art  tho  major  clutch. components? 

5.  -    How  Is  tho' pressure  plate  attache*  to  flywheel? 

V  a 

6.  What  are  the  main  purposes  of  thr clutch? 

7.  How  1$  clutch  free  travel  adjustment  made? 

8.  What  are  the  most  common  types  of.  clutches?  , 

9.  1  What  holds  and  operates  the  release  bearing^  * 

10.  What  keeps  the  bearing  away  from 

the  pressure  plate  when  clutch  1s  released? 


DifPlndlcator  STRESS  SAFETY 
TO  3CA2-3-6-2 
TO  36A*-3-8-2 
TO  36*2*4-17-2 


11,  Name  the  4  shafts  1n  a  transmission. 

■'  •  ♦ 

12.  (that  1s  a  synchroniser? , 
13..  What  drives  the  countershaft? 

14.  What  1s  the  PTa  used  for? 

15.  "-Where- 1s  the>T0  mounted? 

16.  Where  would  you  find  en  auxiliary  transmlts^qn? 

*  -  («) 


( 


\ 


^17 .    Witt  typw  tpeen.  mrm 

4*.  WhaVt*o  typtt  of  linkages  irt  used 
1n  clutch  controls? 

conciusiok 


15  M1n, 


SUMMAflt  AND  REMOTIVATION: 

:tachment  to  the  transmission,  called  i  ptq  win  ai«m\u*  w 


axles.   An  attachment  —  -  -   - 

use  the  gears  to  drive  auxiliary  equipment. 


ASSIGNMENT  AND  CLOSURE:   CTT  POI  Para  2a  2  Hrs.  -  f»T  501A  50*1* 
resources. 


* 


2*v 

(7) 


w 


fMSTl  77  Ftb  7S/ 


tMtTm*CTOA 


&nt"aV^urpose  Vehicle 


T  Part  I 


•COCK  TtTWf. 

Power  Trains 


•  clutch  and  Transmission  Removal  ,and  Replaceaent 


DSD  l.S  -hrs/Perf  4.$  hrs 


,  UMyoutAtiow  

wamhatow  /complementary 


'   PAOt  NUMOCIt 


f  AOI  D*Tt 


»     2  hrs 


TOT  AC 

8  hrs 


STS473X0 


I PA** 


3  September  1974 


SWMATUMK 


Sat* 


tttNATUftC 


OAT* 


IN  I.  AVON  ATOMY 


1.  Vehicles 

2.  Mechanics 
Common  Hand  Tools 

3.  Special  Tools 

4.  Transmission 
*  Jacks 


CQUimtMT 


PRtCLAtt  MgPAtATIW 

CLMMrWO  MATtftlAt. 


None 


None 


SMAPMlC  MM  AHO 
UMCLAMiriCO  MATfljtAi, 


1.  3ABR47330-SG-502 

2.  T036A2-3*6-2 

3.  T036A2-3-6-2 

4.  T036A2-4-17-2  * 

5.  Chart  CC74-20 


CRITERION  OtJtCTlV.CS  AMD  TtAOWO  VTtH 

:hnrc 


a.  Supplied  with  tools  and  equipment,  technfcal  orders,  vehicles,  and  observing 
automotive  personnel  and  equipment  shop  safety,  remove,  repair,  and  replace  clutch  and 
transmission  IAW  the  technical  publication. 

b.  Given  vehicles,  tools,  and  equipment,  technical  publications,  and  practicing vau to- 
motive  personnel  and  equipment  shop  safety,  use  visual  and  operational  means  to  check 
the'clu.tch  and  transmission  IAW  the  technical  order.  * 


Teaching  Steps  are  Listed  tn  Part  II. 


9 

ERIC 


ATC  IJ-  770 


INrWAMviiUn 


15  H1nV 


1. 


2. 


Attention  and  Motivation:   Knowing  hoy  a  cartel*  component  1s  constructed., 
Sowlt  writer  and  wWlt  1s  hieted.  Is  raally  only  part  of  the  program. 
We  must  also  be  aware  Qf  how  to  determine  Ml  functions,  procedures  to  remove^ 
and  replace  these  components  and  how  to  makt, necessary  repairs. 

Review:   We  have  studied  the  components  of  the  clutch  assembly  and  opera- 
tion of  clutch  and  transmission  to  transmit  engine  torque  to  rear  wheels. 
Now  comes  the  time  to  perform  maintenance,  keep  1n  mind  Safety  is  our  first 
concern.   At  this  time  I  will  answer  any  questions  about  last  «1f*t  s 
assignment '3ABR47330-SG-502,  3ABR47330-PT-5OIA  and  3A8R473?0-PT-S01B. 
Grade  outsid*  assignment:   Reteach  as  necessary. 


boo* 

PRESENTATION: 

I.    Ref :    Para  a,  Part  1 

a.  Shop  safety 

(1)  Secure  raised  vehicle 

4  f 

^  (a)   Place  stands  under  frame 

rails  or  axle' housing 

>  (b)   If  raising  only  front  of 

vehicle  block  rear  wheels 

(2)  Wear  goggles  under  vehicle 

* 

*  (3)    Keep  doors  closed  K 

i        (a)   Always  stand  creepers  up 
when  not  1n  use 

*>  " 

*.  (5)   Disconnect  battery  cable 

(6)    Keep  fingers  away  from  mov-^ 
ing  parts  of  jack 
i«-  . 
:    (?)   Do  not  leave  tool*  under- 
foot (especially  round  * 
*  tools) 

(3}   Wipe  up, oil  or  grease 
,    ■  »    spills  Immediately 

*  * 

b.  Troubleshooting  clutch  operation 


5  Hrs.  30  Mtn. 


Assign  students  to  their  respective 
vehicles  v 


Stress  safety  with  use  of  goggles 


(1)  Slippage 

'   **■  •  m 

(a)  D11  on  disc  < 

1  Rear  Engine  oil  seal 

2  Front  transmission 

3  Cracked  cast  . 

(b)  Worn  friction  lining 

(c)  Improper  frit  travel 

(d)  Defective  pressure  plate 

(2)  Clutch  chatttrs 

(a)  Weak  springs  1n  prtssurt  plate 

(b)  Heat  cracked  platt  of  flywheel 

(c)  Loose  facing  on  disc 

(d)  Worn  facing  on  disc 

(3)  Clutch  Grabs 

(a)  Defective  linkage 

(b)  Defective  pressure  platt 

(c)  Broken  torque  springs  1n  disc 

(■d)  011  or  grease  spots  on  facing 

Clutch*and  transmission  removal  and 
replacement 

(1)  '  Raise  &  Secure  vehicles  . 

(2)  Drain  transmission  lubricant 

(3)  Disconnect  shifting  linkages 

(4>  Disconnect  clutch  linkage 

(5)   Remove  propeller  (Drive) 
shaft 


Very  annoying 


Dangerous -Veh  Can  jump 

forward  suddenly 


Explain  procedures 
TO  36A2-3-6-2 

TO  3M2-1-9-2 

TO  36A2-4-I7-2  * 


f(2) 


fv  (a)  tape  U- joint  <cup»  4 

*  *  *  i  1 

(6)  disconnect  speedometer  cable 

(7)  r**W  cross  member  or  mount 


V 


,1  / 


(a)  nay  be  necessary  to  support  angina 

(b)  May  require  removal  of  hand 
-    braca  cab las 

(8)  Remove  attaching  bolts 

(9)  Ramove  transn1ss1on\  assembly 

.  (a)  usa  a  jack  for  larger 
transmissions  « 

(10)  Remove  clutch  1ns paction  ' 
cover  fron  clutch  (ball) 
housing 

f.  (a)  Soma. vehicles  require 

removal  -of  entire  clutch  x 
housing 

(11)  Remove  clutch  release  bearing  v 

* . 

(12)  Remove  pressure  plate  and 
clutch  disc 

* 

(a)  Mark  P.  Plate  flywheel  for 
proper  reassembly 

•  ■  ✓  . 

(b)  .  Keep  case  hardened  belts 

(13)  Remove"  flywheel  only  If 
Inspection  warrants  rf facing 

or  replacement  .  v  ' 

»  ■  ■'  •  .  ' 

(a)  Check  starter  ring  gear  \ 

(b)  deck  pilot  bearing  (smoothness]^ 

1  Located  1n  end  of  crankshaft 

2  Supports  and  aligns  trans- 
~  mission  Input  shaft 


Use  transmission  jack 
whera  required-^ 
(NOTE) 

4  spds.  cars  I  trucks  automatics 


Why? 


Explain  why? 


V. 


(3) 


301 


^73 


(34V  TorqueVlywfieel  to  crank- 
shift-  boit$  r 


\ 

C1$)  Replace  1n  reverse  procedure) 

(*,)  Before  tightening  pros- 
^     sure  plate  bolts  per- 
>    for*  clutch  alignment 

(b>  Aligning  clutdf 

»   *1  •    Clutch  ill gnment  Is 

cli 


,  ^Special  tools";  • 

Students  win  oso  lorque 
wrench  WTO -procedures 


Wh 


alining  clutch 
sp11nes.»  tran»1i*iw 
shaft  and  pilot  bearing 

^Performed  with 
a      Clutch  alignment. tool 

a     pilot  she/t  (old 
transmission  shaft) 


c  .  Dummy  shift,  shaft  - 
wMcMs  machined  to 
transmission  Input  - 
>  shaft  measurements 

Insert  tool  through  hub 
on  disc  and  Into  pilot 
bearing  1?  • . 

Leave  tool  1n  place  and 
begin  to  torque- pressure 
plate  bolts* 

When  tool  1s  removed 
clutch  dfsc  will  be 
stationary      ,  1 


Inspection  of  parts \  , 
(1)   Clutch* disc  •  ■> 

(a)  Worn  facing 

■  •  '  .  *  / 

(b)  Loose  or  missing  rivers 

(c)  Broken  torque  springs  ' 

•(d)   Chipped  or  twisted  spline 

.  1n  hub 


* 


Warped  plate  ^ 


'3a 


(2)    Pressure  $1 ate 


(4) 


/ 


V 


springs 


(b)  Morn  or  jn level  release 
lovers  • 


fc)  rHttt  crack  In  pitta 

fd)  Grooves  in  plate 

(3)  Clutch- Release  Staring 

(a)  Smoothness  of  operation 

ib)xfit  of  ^bearing  carrier 
on  Input  shaft  collar^ 

(c)  Smoothness  of  bearing  facer 

(d)  Cannot  be  repacked,  must  ^ 
be  replaced  If  defective 

(4)  Release  mechanism 

(a)  Worn  at  pivot  points 

(b)  Out  of  alignment 

(c)  Free  travel  adjust- 
ment 

(d)  Return  spring  tension 

(5)  Transmission  ^ 

(a)  Check  gear  wear 

(b)  Seals  and  gaskets 


(c)  Shifter  mechanism  opera- 
tion 

(d)  Input  and  output  shaft 
bearings  or  bushings 

(e)  Refill  transmission 

with  applicable  lubricant, 
(after  the  transmission  Is 
Installed) 


APPLICATION 


1 .     Ref :   Para  b.  Part  1 


(5) 


ERIC 


3oo 


Cracked  or  warped  cover. 

^-  j  t 

Check  attaching  holes' 

* 

* 

Also  check  before  disas 


seemly 


Dent  or  binding  linkage 


Synchroni zers 


Wprn  pr  twisted  fork$ 


What  1s  usual  lube? 


yehicles,  Com)  Hand  Tools. 
Special  tools  Torque  wrench 


.i 


""V  * 


EVALUATION: 

1;    Were  would  jack  stands  be  placed 
'to  support  vehicle?  , 

< 

2.  What  could  cause  clutch  slippage? 

3.  If  you  found  gear  oil  on  the  clutch 
.disc  what  would  you  check? 

» 

.4.     What  causes  a  clutch  to  chatter 
off  engagement? 

5.  Why  should  the  pressure  plate  and 
flywheel  be  marked  before  dlsassem- 

*         bling?  * 

6.  Define  clutch  alignment.  >~ 

7.  what  could.be  used  to  perform  alfgoment? 

8.  What  1s  clutch  free  travel? 

•  * 

9.  How  do  you  adjust  free  travel? 

10.  -  wh'Jjf  must  be  done  1f  release  bear- 
^  ing  is*  rough  .and  dry  of  lubricant? 

11.  Uhat  checks  shouls  be  made,  on  the 

v -,■  f  transmission  during  clatch  replacement^* 

\2.     Discoloring  and  cracks  on  the  pressure* 
plate  and  flywheel  surfaces  Indicate 

1?     .  • 

13..   Wh^t  could  cause  the  gears  to  grind  * 
1"',  wh.^a  shifting  from  2nd  to  ird? 


v  I 


Briefly,  describe  clutch  alignment  '  ■  \< 
procedures . 


X 

TS.     When  would  It  become  necessary  to 

support  the  engine  duality  tran&nslon 

f,  ..       •  removal?  ,  T^t     *       •:  •    .  .      • '  n,  ' 

\?V'  -*        •XOHClUSION    *"  'IS  Mm 

!•  *  v  '  •  '  " 

f         SUMMARY  AND  ^MOTIVATION:   .  f     .  \   '  "*  ./ •       ' : 

1      Safety,  proper  troubleshooting  procedures  and  using  proper  manuals  are  the 
x  prerequisite  of  any  job  performance.  Hoar  well  you  perform  your  duties  and  >- 

I  -  the  quantity  of  work  performed  are  usually  two  of  the' major  areas  used  1n  " 

the  rating  process  of  job  oerformancev  evaluatton. 

■  <*h  •:    ■ "    •.  ' 

'  \  *■  .. 

*  -     *  '  /  *  * 

t  m    *  *  N     ,  .  - 

I  J1  •  . 


*  ■  • 


'  ^  •  Collate  3ABR47330-SG-503,  3ABR47330-PT-5Q3 *  or  tnaorroW's  lesson.  App^jsal^ 
ontoday's  mater  lis  am)  jobs  xfll  be  given  btfort  class  tomorrow.  .  \ 

Conservation  of  utilities  I  resources. 


■  .  '4  ' 


\ 


^ 4 


.  \-  v<_  : 


305 

(7) 


I 
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EOU'^MCNT  LPCATCO 
IN  l»«0«ATO»V 

T.  Trai'ner:  60-2533 

2.  Trainer:  61-2829 

3.  Trainer:  59-2448 

4.  Transfer  Case 

5.  Sprag  Unit  . 

6.  Propeller  shafts 

7.  Center  bearings 

8.  Universal  joints 


COUlMtfNT 

r  mom  supply 


P«f CLASS  PWEPAHATIOM 

CLAMirilO  MATCAtAL 


None 


None 


ORAPMtC  AIOS  *MO 
UWCLAtttritO  MAT«m»t. 

1.  3ABR47330-SG-503 

2.  3ABR47330-PT-5Q3 

3.  T036A2-5-2-22 

4.  T036A2-5-2-6^ 
5*  Chart:  CAFB  67-106| 
6.  Chart:  CAFB  74-10 


cuiTemoH^iJicTivis  amo  t  caching  %izp\ 


a.  Without  reference,  identify  terms  and  basic  facts  relative,  to  principles  of 
operation,  function,,  and  .relationship,  of  transfer  case,  propeller  shafts,  center 
bearings,  and  universal  joints  with  70%  accuracy.. 


Teaching  ,Steps  are  Listed  in  Part  II 
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2. 


INTRODUCTION 

Attention  and  Motivation:  Explain, to  students  the  natd  to  know  qf  how 
to  maintain  special  vehicles,  a.g.  tactical  vehicles  and  4  wheel  drive 
recreation  type  vehicles,  also  trucks  with  tandem  rear  axles. 

Review:   In  previous  blocks  you  were  taught  how  the  engine  develops 
power  and  how  to  keep  1t  and  accessory  systems  operational  and  In 
previous  lesson  1n  our  block  we've  learned  how  1t  1s  effectively 
transmitted  through  the  clutch,  transmission  and  to  rear  wheels.  -  Are 
^!,;iy  J"***1**  *&out  Iwt  night's  assignment  3ABR47330-PT-503, 
3ABR47330-SG-503.  Grade  outside  assignment;  reteach  as  necessary. 

Overview  and  TIE-IN:  we  are  concerned  with  a  component  called  a 
transfer  case,  1t  Is  delsgned  to  transfer  power  from  a  straight  line 
so  it  can  be  redirected  to  the  front  wheels  and/or  en  extra  (tandem) 
rear  axle.  Also  we  will  be  discussing  Items  which  allow  delivery 
of  power  at  an  angle,  the  shafts  use  to  carry  torque  from  gear  cases 
to  drive  axles. 


15  Nln 


BODY 


1.     Ref;   Para  a,  Part  1   

a.     Transfer  case  assemblies 

(1)  Purpose 

(a)  Increase  traction  and 
lower  gear  ratio 

(b)  Provide  power  io  all 
driving  wheels 

(2)  Location  / 

(a)   Behind  transmission  and 
bolted  to  the  frame 

(b>  Attached  to  the  rear  of 
the  transmission  on  some 
vehicles 

1  M  38  jeep 

2  M  151  Mutt  Ford 

3  IHC  Scout,  Ford  Bronco 
and  Chev.  Blazer 

4. 

(3)  ■ Construction 

(a)   Gear  train  similar  to 
standard  transmission 


\ 


2  Mrs  30  M1h 


For  boondock  driving 


Trainer; 60-2533 
61-2829 


Crossmember 


e 
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307 


s 


1  taring  preload- adjusted 
by  shims 

*  # 

2  Snnrtomoter  Is  driven 
by  output  shift 

(b)  Could  have  out  of  two  reduc- 
tions and  s poods  . 

(c)  Manual  transfer  cast  ongagts 
front  wheels  .by  a  lever  1n 
tho  cab 

(d)  Automatic  transfdr  cast 
engages  front  what Is  auto* 
matlcally  when  roar  what  Is 
looso  traction  '  * 

Sprag  units 

(1)  Purpose 

'(a)  Allow  rotation  In  ono 
direction  only  add  fret 
wheals  In  the  other 

(b)  A  form  of  overrunning  clutch 

(2)  Location  -  Inside  the  transfer, 
case  on  the  front  output  shaft 

Propeller  Shafts 

(1)  Purpose  -  Moans  of  delivering 
power  to  driving  axles  and 

,  miliary  equipment 

(2)  ,  Location 

* 

(a)  Connects  transmission  to 
differential 

(b)  Connects  power  takeoff  to 
auxiliary  equipment 

(3)  Construction  and  types 

v   (a)  *  Torque  tube,  solid  or  arm 
I     Enclosed  shaft 
(b)   Hotchklss^or  tublar 

I     Open  type 


Explain /benefits  spreg  unit 
Show  sprag  unit 


Automatic  transfer  case 
Show*  transfer  case 


r  sprag  unit  for  auto  trans. 


0      .     ^  * 

Dnlveshdft  Chert: 67- 106 


Balanced  when  manufactured, 
show  weights  • 


$1d  type 


Chart :67-106 


s 


1- 


*  *? 


*  d.  *  SI  ll  joints 


\ 
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(1)  Purpose  -  to  perartt  the  propel - 
ltr  shaft  to  change"  effective  . 
length 

(2)  location  •  On  the  transmission 
and/or  tha  trantf ar  caoa  and 
of  tha  propeller  shaft 

(3)  Construction  -  A  aala  and 
fanala  spline, 'grease  seal,  and 
lubrication  fitting 

(4)  Balance  of  propallar  shaft  tnd 
slip  Joint  #  - 

»  . 
(a)  Aligning  arrOns 

9  (b)  Nastar  spllna 

(c)  Yokes  1n  tha  sane  plana 

Universal  joints 

(1)  Purpose  -  To  transult  Doner  at 
an  angle 

(2)  Location  -  On  each  end  of  pro- 
peller shaft  and/or  slip  joint 

(3)  Types 

(a)  General 

V     Most  l  won  type 
2     Used  on  all  M-Serles 

(b)  Bal-trunlon-Used  on  older 
Chrysler  production  drive 
shafts 

(4)  Construction  of  general 
(I)  Journal  or  cross 

#  r 

(b)  Needle  bearings 

(c)  Cups  ' 
4  (d )  Sna£  rl  ngs  and/or  U-bol  ts 


Why? 


Chart:67-106 
Show  U  joints 


Chart :CC-74~T0 

t 

Trainer:  59-2446 


fit  In  drlveshaft  yokes 
Inside  or  outside  snap  rings 


<•)  Urease  seals  (usually  cork) 

<3V   3oq  • 


(f)  Grease  fittings  (zerts) 
f.   Center  bearings 

(1)  Purpose  -  To  support  ind  align 
two  or  mora  proptllar  shafts  and 

\  \ 

L    (2)  Location  -  Mountad  in  rubber  .be- 
tween two.  proptllar  shafts  and 
boltad  to  tha  frame  or  cross k 


Optional 

*A1so  explain  pillow  block 

Show  cantor  bearings  , . 
long  wheal  base  veh. 


Use  TOs  to  Illustrate 

T036A2-5-2-22 

T03«A2-$-2-«2 


(3)  Construction 

(a)  Sealed  type  bearing  that 
*          mutt  be  replaced  when  1t 

gets  noisy 

„  * 

(b)  Rubber  insulation  supports 
bearing  ■» 

APPLICATION:    Interspersed  throughout  lesson. 

EVALUATION:  ♦ 

-  »  ^ 

1.  What  1s  the  purpose  of  the  transfer  case 

assembly? 

2.  What  Is  tha  purpose  of  the  sprag  unit 
In  the  transfer  case? 

* 

3.  Where  in  the  transfer  case  assembly  Is 

the  sprag  unit  located? 

4.  What  1s  tha  purpose  for  the  universal  joint? . 

5.  Why  should  universal  yokes  always  be 
Installed  ,1n  the  same  plana?  . 

* 

6^   What  1s  the  purpose  of  a  center  bearing? 

* 

7.  Name  two  types  of  propeller  shafts. 

3.   What  1$  the  purpose  of  a  slip  joint  and 
*■  where  1s  1t  located? 

9/  What  part  must  always  be  replaced  when 
disassembling  a  universal  joint?  ;, 

10.   How  should  a  universal  joint  be  lubricated?  3i'l 


(4) 
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conclusion- 


!5M1n 


£    SUWttRY  AHO  RMTIVATION: 


1.   Transfer  case*  allows  power  tp  ht  trans«1tted  to  ill  driving  §x1ti-. ,  Spreg 
units  allow  power  to  flow  1n  ont  direction,  free  wheels  1n  tht  other  div- 
tction.   propellar  thefts  deliver  power  to  differentials  and  auxiliary 
eoulpeont.  Ctnttr  bearings  support  two  or  More  drive  shafts.  Universal 
joints  allow  power  to  bo  transmitted  at  an  angle. 

ASSIGNMENT  AND  CLOSURE:   CTT  POX  Para  4a   2  hrs. 

I.   Road  study  pip  3ABR47330-PT-504A,  3ABR47330-SG-504.   Rovlaw  today's  notas 
.  and  bo  proparod  for  a  dally  appraisal.  Conservation  of  utilities  and 
Vesourcas. 
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/  COutPUp HT  LOCATED 
*  •*  LA*O*AT0UY 


1.  Trainer:  55-0744 
2:  Trainer:  66?3291 

3.  Trainer.:  59-2#31 

4.  Vehicles* 

5.  Mechanic's'  Coamon 
Hand  Tool - 

6.  Special  Tools 

7.  Dial  Indicator 


mm 


IQWPNMT 

mod  tuppy.  ( 


CLAtflVltO  MATCRlAL 


Nona 


Nona 


CKITCIHON  OftJfCTIVf  S  ANO  Tf  ACMtMO  $TIW 


MAMNCMM  A  MO 
>  VNdAMIPttO  MAT  Ml  AC 


1.  3ABR47330-PT-504 

2.  3ABR47330-PT-504A 

3.  3ABR47330-WB-504 

4.  3ABR47330-SG-504 

5.  T036A-1-411 
"  T035A2-5-22 

T035A2-5-2-62 
8.  Chart :CAFB  74-13 


I 


Mil 


a.  Without  references*  Identify  basic  facts  and  terms  relative  to  principles  of 
operation,  function,  and  relationship  of  conventional  and  ontl-spln  differentials, 
front  and  rear  driving  axles  with  70*  accuracy.  V 

b.  Supplied  with  bench  Hems,  tools,  and  equipment,  technical  publications,  and 
using  automotive  personnel  and  equipment  shop  safety,  repair  or  service  conventlSnal  a 
and  anti-spin  differentials,  front  and  rear  driving  axles  IAW  the  technical -order.  <a 

c.  Provided  with  tools  and  equipment,  technical  orders,  bench  Items,  and  applying 

^2°«je1      equipment  shop  safety,  use  visual,  operational  means  and  list 
equlrmsrt  to  check  conventional  *nd  antl-sftlrr  differentials,  front  and  rear  driving" 
axler  I W  technical  publications. 


I 


'  Teaching  Steps  are  Listed  1n  Part  II.  * 
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a* 


♦ 


V 


*  V 
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EQUIPMENT  LOCATED 
IN  LABORATORY 

8.  Front-Dr1v1tig 
4x1 1  Assy. 

9.  Convtntlonal  Dlff . 
Assy* 

,10.  Anti-spin  d1ff. 

^  .• 


1  \ 

m 


GRAPHIC  AIDS  AND 
UNCLASSIFIED  KAT. 

r.  Chtrt:CAFB  67-274 


10. 
11. 
12. 
13. 

IS! 

16. 
17. 
18. 


H 
M 
91 


67-?7* 

74-14 

74-15 

74-17 

74-125 

74-18 

74-16 

74-19 

67-106 


.  'r' 


4 
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-  INTJtQDUCTlQrt  ltttU 

1     Attention  and  Motivation:  We  ar*  graefl&y  getting  nearer  *our  goal  of 
•  understanding  what  caueee  the  aueamobUe  to  move.   There  it  etiU  more 
to  be  enalysed  and  underetena.  for  example ,  how  ie  the  power  changed 
.     from  lateral  rotation  of  the  propeller  ahait  to  the  horizontal  drive 
required  at  the  wheels? 

2.  Review:  Thus  far  we've  completed  our  flow  of  power  as  followe:  Flywheel. 

to  clutch,  thru  gear  ratios  in  transmission,  to  a  transfer  case  if  required 
for  front  drive  axles  and  through  U  Joint  and  propeller  shaft  to  the  - 
•  Differential  and  Drive  Axles.,  Is  there  say  question  about  laet  night*  s 
assignment  3ABR47330-PTOW4A,  3AK4733Q-S6V504, 
G  rede  outside  assignment:  Reteach  as  necessary. 

3.  Overview:  The  next  lesson,  today  and  tomorrow,  deals  with  the  differential, 

both  conventional  and  anti-spin  end  the  front  and  rear  drive  axles. 


BODY 


1 1  Hrs  30  Min 


PRESENTATION: 


1.    Ref:   Pare  a,  part  1 


a.    Differential  Assembly  (Convention!) 


( 1)   Purpose:   Mechanism  which  will 
permit  axles  to  turn  at  differ- 
ent speeds  and  transmit  power 
from  drive  shaft  to  the  drive 
axles 


When? 


(2)  Location:  Within  a  carrier  case 
mounted  in  the  axle  housing 

( 3)  Construction  and  operation 


Chart  #67-106 
Vented  Housiij 

CC74-16 


(a)  Carrier  assembly 

1  Housing  for  differential 
gears 

2  Mounted  in  axle  housing 
•    on  roller  bearings  with 

retainer  caps 


Tapered  Roller e 


2  Bearing  caps  are  threaded, 
to  accomodate  adjusting 
nuts  JTf 


(b)  Differential  gears 

1  Side  gears  (2),  commonly 
called  axle  gears,  are 
spUned  to  axles 

2  Pinion  or  spider  gears  ' 
(2  or  4),  mounted  on 
pins  or  cross  shaft. 
Rotate  only  on  turns 

  « 

2  Pinion  to  side  gear 
clearance  is  controlled 
by  shims 

(c)  Final  Drive  Gears 

i  Drive  Pinion  -  transmits 
torque  of  propeller  shaft 
-  into  differential  housing 

I  King  Gear  -  Bolted  or 
riveted  to  differential 
Carrier  assy. ,  driven 
by  drive  pinion 

(d)  Types  of  final  drive  astern* 

blies 


f  Trainer  #95-0744 
Charts  #67-274 


Matched  Set 
Explain  Ratios 


) 


Chart  #67-272 


\_  Worm  gear  -  used  on  heavy  x 
uipment  and  some  stud* 
liary  equipment 

2  Hypoid  -  most  common  on  '  Chart  CC 74- 13 

automobiles,  very  strong     Compare  with  old  spiral  bevel 
and  operates  quietly 
pinion  and  ring)  gear  mesh 
at  bottom 

*  * 

*  •  4  ■ 

* 

2  Double  Reduction  -  two 
gear  reductions,  one 
output  speed 


4  .  Dual  ratio  -  changeable 
output  ratio 


2  spd.  rear  axle 


Power  divider  -  mechanism 

usejl  with  tandem  rear         Yellow  IH  tractor 

axles  to  divide  driv-  315 

in«r  effort 


(•)  Operation 

l_  Turning 

t  a  The  inner  wheel  is 
'      ~~  automatically  alowed 
down  on  a  turn  (road 
scrub)  - 

b  Axle  (side)  gear 

~   slowa  down  with 
re tp«ct  to  differ- 
ential caae  speed  4 

c  Caae  forcea  piniona 
"~  (spider)  gear  to 

rotate  along  inner 

axle  gear 

d  This  will  cause  outer 
.  ~  '  axle  gear  to  be  advanced 
equivalent  to  differen- 
tial apeed  -  footer 
than  inner  wnoel  apeed 

'e  Example:  Ring  gear 
"  rra  kes  4  revolutions 
to  drive  inner  1  revo- 
lution -  .outer  wheel 
will  rotate  7  times 

f  • 

2  Straight  forward 

a  Differential  ring 
~  gear  speed  is  equiva- 
lent to  combination 
of  both  whoela 

b  Pinions  are  not  rou- 
ting on  axis 

.  c  Piniona  lock  all 
~*  components  causing 
differential  case  to 
turn  aa  1  unit 

(f)  Che  4k  and  adjust  final  drivb  . 
.    >paars  *  c— - - 


Trainer  #»-0744 


Why' 


What  one  wheel  loses 
the  other  one  gains 


3't! 


Ring  gear  runout 

a  Use  dial  indicator 

b  Mount  with  plunger 
halfway  depressed 
on  backside  at  ring 
guar 

£  Zero. indicator  gauge 

d  Rotata  ring  gear  one 
revolution  while  obeerv* 
,  ing  ♦  and/or'-  reading 
on  gauge  . 

v 

e  Adding  +  and  -  readinga 
will  give  total  runout 

* 

f  Compare  to  mfga.  spec. 

£  Exceaeive  runout  would 
constitute  replaces*)  at 
of  ring  gear  and  drive 

pinion 

Backlash  cheek  and  adjust- 
ment .* 

» 

a  MountvdTal  indicator 
with  plunger  on  face 
of  ring  gear  Vooth 

b   Move  ring  gear  until 
a  tooth  is  in  contact 
with  pinion  drive 

e  Zero  dial  indicator 


What  is  Run-out? 


hy? 


f  ; 


Why  replace  both? 


/ 


y 


What  is  backlaah? 


d   Move  ring  gear  until 
it  contacts  the  next 
pinion  gear  tooth 
(must  hold  pin|on 

'  shaft  from  turning) 


e  Reading  on  gauge  will 
be  backlash,  clearance 

4 


and  tooth  on  ring  gear. 
Compare  to  mfg.  spec. 

|  Adjustment  clearance 
~   (backlash)  accomplished 
by  changing  position  of  ring 
gear  In,  relationship  to  drivo 
pinion 

&  To  increas o  backlash,  the 
ring  gear  would  bo  movod  . 
away  from  tho  pinion 

'  i 

h  To  decrease  backlash,  ths 
,  ~   ring  gsar  would  bo  movod 
toward  ths  pinion 

^  Movement  and  adjust  7 

~    meat  controlled  by 
threaded  ring  nuts  or 
■hims  between  carrier 
and  housing 


±  Pinion  seal,  retaine 
grease  in  differential 
where  pinion  shaft 
^         enters  carrier  housing 

»  ..  -  *  ' 

(g)   Rear  driving  axles  1 

1_  Semi -floating 

a  Weight  of  a  auto 
ie  supported  on 
beefing  pressed  on 
axle  shaft 

b  Brakes  drum  and  hub* 
are  attached  to  flange 
tpn  axis  shaft,  or  by 
a  spline  and  woodruff 

key  < 

£  Most  common  on  auto- 
~  mobilee  and  1/2  ton 


*  pick-up  trucks 


3>\ 


Explain 

Special  tools  such  as 
Spanner  wrench 
Differential  spreader 


Chart  CC74-14 
Trainer  #66-3291 


<5) 


a  -v 


V 


2  Full  floating. 

™  ♦  % 

*  Axis  shaft  sup^ 
porta  no  weight" 

b  Wheel  bearing*  in 
*     hub  support  axle 
«**  housing 


7 


c  Axle  shaft  can  De  re  - 
moved  Without  Jacking 
veluclc 


ERIC 


d  UaeA-on  3/4  ton 
>  trucka  and  a%  r  gar 

</  V  •* 

b.    Differential  Assembly  (anti-spin)  . 

•#  ■  *•    r  . 

(1)  Purpose?  to  supply  arising 
force  to  wheel  with  beat  " 
traction  surface     '  A 

(2)  Located  in  (rear  axle  housing, 
mounted  on  bearings       \  ' 

(3)  Cone t ruction  and  operation 

(a)  Component  Parts 

.  \* 

1  Differential  <^se 

a  flange  half 

b  Button  haTf 

i  * 

2  BellviUe  spring  plate sv 

3  Clutch  friction  discs 

4  Clutch  friction  plates 

•  * 

5  Bevel  side  (axle)  gears 

v 

6  Side  gear  rings  «j  j  ^ 

7  Bevef  pinion  (  spider) 

8  Pinion  mate  croee  shaft 


Cham  CC74?1S 
CC74-19 


Similar  to  front  wheels 


Trainer  #59*2431 


Why? 


\ 


Posi -fraction 


Chart  #47-106 
Tapered  Rollers 


Chart  CC74-17 


(b)  Operation 

i         t  ■ 

^  Croaspin  movement 
engages  or  disengages 
clutch  to  allow  for    •  - 
on*  wheel  to  free 
wheel  on  corners,  or  to 
•apply  torque  to  wheal 
with  heat  traction . 


*  u 


Friction  k  Taction  va 
Torque 


Straight  forward  or 
V  backward  operation  ia 
aame  aa  convential 

2  On  turna  clutch  would 
be  engaged  to  Inner 
wheel,  therefore, 
allowing  the  outer  wheel 
to  overrun 


F  ront  driving  axle  a 

( 1)  Purpoae:  to  supply  more 
traction  for  climbing  or 
operation  on  rough  terrain  ' 

(2)  Location:  mounted  under 
front  of  vehicle  bolted  to 
springs 

(3)  Conat ruction  and  operation 

(a)  "Banjo"  houeing  of 

preaaed  ateel 

(b)  Vented  to  allow  for  h^Zat 

expaneion  of  air  to  escape 

(c)  Spherical  ends  of  houeing 

to  accomodate  steer- 
ing knuckles 

(d>  Moveable  steering  knuckles 

1_  Enda  and  knucklea  * 
covered  by  duet  ecals 

(a)  Axle  shaita 


Show  Front  Driving  Axis  ♦ 
Assy  -  "Bench  Item"  Low  Bay 


Chart  CC74-125 


1 


V  Two  piece  axle  ■haft 
jconaacttd  with  *  special 
universal  joint 

0 

2  Full  floating  typo  shaft 

2  Attaches  to  a  hub  by  a 
splined  driving  flange 
and  bolts 

« 

(f)  Constant  velocity  U -Joint 

1  Used' front  drive 
axis  shaft  to  allow 

for  turning 

^2  Typee  of  U  -Joints 

a  Rseppa  -  Italian 
design 

b  Bendix  -  Wioss  - 
Gorman  dosign 

c  Tract*  -  G.  L  dosign 

d  Cordon  -  U.S.  commer* 
cial  dosign  • 

2  Hub  is  xriounted  on  axis 
■pindls  with  boa  rings 

3 

a  Bearing  cups  pjroasad 

into  hub 


CC74-18 


Explain  typo  used  on  larger 
American  Pais.  Cars 


SUMMARY 


b  Bearing  slides  over 
epindls 

;  wt  • ,  •  T  .  X* 

c  Bearing  prslotSud  by       £  Jf 


adjustable  au$ 


k 

f 


ENDOreDAitywyARY  - 


1     TO  summarise  the  day's  lesson  which  dfejt  witiMsUfsxtntials  and  front 
and  rear  drive  axles,  wo  will  have  a  •sort  o^tft^nad  answer  period. 


a,    W  hat  prohibits  rentovittt  feU  ^ting  frort  drive  aade  without 
jacking  vehicle? 

h.   How  e>e  backlash  adjustments  accomplished? 

«-.   What  is  required  in  replacement  of  the  Aide  hearing  on  a  semi  -floating 
exle  shaft?  . 

# 

d.   A  chipped  or  broken  pinion  geer  would  be  heard  when? 

*  * 

e    On  a  fron  drive  axle  whet  must  be  removed  to  gain  accent  to  wheel 
-  bearing  adjusting/  retainer  ante? 

f .  What  protective  equipment  ie  worn  while  working  under  a  vehicle? 

g.  What  would  cause  blue  or  brown  discoloration  of  differential  gears  and 
bearings? 

*  ♦ 

h.  If  the  pinion  gear  meehes  with  the  ring  gear  at  the  bottom  we  have 
what  type  of  differential? 

ASSIGNMENT       CTT  POI  Para  5a  2  Hrs 

a 

I  ■    Tomorrow's  activity  will  .consist  mostly  of  applying  what  we  have  learned 
today.   In  the  lab  area  you  will  be  expected  to  dismantle  front  and  rear 
drive  axles,  check  and  adjust  the  differential  and  reassemble  the  compon- 
ents   Review  today's  notes  and  complete  3ABR47330-PT-504, 

* 

Conservation  of  Utilities  a-  Resources 

INTRODUCTION  TO  NEW  DAY'S  WORK 

1  Understanding  how  a  component  is  constructed,  where  it  is  located,  and' 
how  it  works  doesn't  really  help  much  if  you  cannot  remove,  repair  end 
adjust  these  components. 

^  r 

2.  pecause  there  are  rotating  gears,  torque  being  transmitted  and  metal 
pert*  in  contact  with  each  other  certain  wear  tolerances  have  to  be 
maintained,  worn  or  broken  parts  replaced  and  such  items  as- seels  V 
and  gaskets  kept  from  leaking.    Review  and  grade  outside  assignment; 
re  teach  as  needed. 

3.  Today  we  are  going  to  disassemble,  inspect,  repair  end  adjust  differentials, 

front  drive  axles  sad  rsar  drive  axles. 


APPLICATION: 

1.   Ref :  Para  b,  c,  part  1. 
a.  Removal  procedure* - 

(1)  Ralsa  and  securev vehicle 


(a)  ,  Jackstand  under  axla 

housing  or  frame  ' 

(b)  Do  not  got  under    %    *  \ 
unsecured  vehicle 

(c)  Wear  gaggles  under  vehicle 


(2)  '  Drain  Lubricant 

(a)  Obsarva  for  natal 
.  filings 

(3)  Ramove  propeller  shaft* 

* 

(4)  Remove  wheals  and  brake  ' 
drums 

m~ 

(5)  Ramove  brake  backing  plate 

(a)  Rear  axle  (semi -floating) 
-  this1 1s  also  axle  shaft 
retainer 

(b)  Some  rear  axles  have 
retaining  clips  within 
differential  housing 

(c)  Front  axTes  -  this  also  , 
constitutes  removing 
spindle 

(6)  Carefully  remove  axle  shafts 

(a)  Front  axle  -  also  C.  V. 
U- Joint 

(7)  Remove  nuts  from  carrier 
attaching  boTts 


(10) 


* 

) 


TO  36A-1-4U 

TO  36A2-5-22 

TO  36A2-5-2-62 

ENFORCE  SAFETY!!! 
Vehicles 

Complete  3A8R4733P-WB-504 


Use  mechanic's  common 
Hand  j  tools 

Use  "Bench  Items"  f 

.  1.  Front  Driving  Axle  Assy. 

2.  Conventional  Differential 
Assyl 

3.  Anti-spin  Differential  Assy 

To  Illustrate  the  - 
requirements  for  main  ten- 
'  ajtce  on  those  units. 


Remove  rear  cover 


1  o  ? 


-it 


/ 


(9)  Visually  inspect  components 

for:  1 

(a)  Worn  or  twisted  splines 
on  axis  ehefte 

(b)  Axle  bearings 

(c)  Discolored  carrier  tear- 
ing •  and  cups 

*  * 

(d)  yforn  or  chipped  spider  and 
axle  geare  * 

(e)  Worn  final  drive  fears 

(0  Worn  pillion  shaft  splines 
and  yoke 

(g)  Front  drive  axle  V  deter- 
mine serviceability  of 
C.  V.  U -Joint 

i 

«  » 

(h)  .  Pinion  and  axle. shaft  t 
■eels  '  \ 


Repair  and  adjustment  procedures 

»  • 

(1)  Differential  (front  or  rear) 

(a)  Check  pinion  depth  and 
tooth  contact 


(b)  Check  ring  gear  runout, 

(c)  Check  backlash 
»  (2)  Rear  axle  thefts 

(a)  Pressed  bearings 

r 

(b)  Retainer  plate  gasket 

(c)  Axis  .shaft  seal  (in  hous- 

ing) 


"Sotdel  tools" 
Pnh  i  snilal 


What  causes  discoloration? 


Use  whits  or  red  '. 
Lead  Paint  IAW  TO 


Dial  indicator 

special  tool 
Spanner  wrei 


N 

reach 


V 


\ 


i 


3?  J. 


V 


(3)  F  ront  drive  axis 

» 

(a)  Bushing  la  housing 

(b)  C.V.  U -Joint 

1  Handpack  with  grants 
upon, assembly 

2  Chsck  U -Joint  tor 
smoothness  of  opera-  ' 
tioa 

(c)  Spinal*  housing  gnskst 

c     Reinstall  in  rsvsrsa  procedure  of 
removing 

EVALUATION: 

i 

1  N  How  would. you  secure  a  raised  vehicle? 

2.     What  would  be  the  course  of  action  if  ' 
the  ring  gear  runout  proved  to  be  in 
excess  of  mfgs.  spec.  ? 

t  t 

1.   "What  would  oe  the  most  obvious  diff- 
erence  between  a  front  and  rear 
aide  shaft? 

4     What  transmits  turning  force  o(the 
front  axle  shaft  to  the  hub? 

*.r  What  is  the  difference  between  a  full- 
floating  axle  and  a  semi -floating  axle? 

6.    How  would  you  classify  a  front  - 
drive  axle?  • 


7.  Where  does  the  front  drive  axle 

derive  its  power  from? 

*>.  » 

8,  How  do  you  chango  th*  amount  of  backlash? 

9\    W hat  lubrication  is  required  when        0  n  „ 

J2o 


installing  C.  V.  U -Joints? 


a-f  ¥*       *  w- 


CONCLUSION 


19  MU 


SUMMARY  AND  REMOTIVATtON: 


1    A  differential  it  und  to  drive  the  rear  wheels  at  different  speeds  at 

*     required  daring  taraiag  operations.  Aati-spin  differentials  utt  a  sariea  U 

clutchtt  to  direct  tho  power  p»  the  whtol  with  the.  bett  trtctioa  surface. 

Vehiclea  at tigaod  for  off  highway  att,  ueually  aft  eejuipped  with  t  driving 

axle  in  front  for  addod  traction. 

*        t  f 

2.    Referring  back  to  the  power  plant,  dutch,  transudation  and  trantfar  catt 
wo  now  too  a  complttt  pictaro  by  knowing  j^boat  tao  differentials,  axles 
and  drivo  whaala,  our  power  trtiat  art  now  compitto. 

ASSIGNMENT  AND  CLOSURE:     CH  Ptfl  Pert  5i    2  hfs 

1     Starting  with  tomorrow* a' leetoa,  SG  a-  WB  505.  wt  atart  studyiag  an  itma  which 
is,  increasingly  bacoming  mora  ffepular  on  aoaana.ahd  pick -apt,  tha  automatic 
transmission.    Conservation  of  utilitlea  a  reeoureea.  J 

2.    Now  ia  the  time  to  begin  considering  the  fact,  you'll  aoon  bX expected  to  be 
able  to  aaaiat  in  repair  a  of  any  auto.   Principle  remaint  the  tamo. 


J 
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-W  t  ) 
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CQUtPfjCMT  L0CATCO 

tQUIPMMT 

*  CLMWIKO  MATCMIAl. 

UMClOSI'IKO  UArtftfAL  1 

1.  Trainer:  59-2469 

2.  Bench  Items, 
Misc. 

None 

— .  -c  

Hone 

r  • 

l"  3ABR47330-SG-5O5  1 
2.  3ABR47330-PT-505 

a.1  Without  references,  1  den tify* basic  facts  and  terns  relative  to  terminology, 
planetary  gears  and  hydraulic  principles  of  automatic  transmissions.  Students  will 
apply  them  to  selected  functions  and  operations  of  a  simple  two  speed  automatic  trans- 
missions with  701  accuracy. 


Teaching  Steps  are  Listed  in  Part  I I. 


****  AUOM 


6  l»T»T»»- *M/U 


erJc  * 


INTRODUCT1DN  15  Min 

Attention  and  Motivation:  Using  a  startling  statement,  or  an  amusing 
anet  dote  make  the  student  aware  of  the  need  to  know  the  principle*  *et 
forth  in  the  upcoming  lesson.   Gain  the  etudente  incentive  by  uaing  the 
feet  that,  approximately  80%  of  new  car*  are  equipped  with  automatic 
transmission*. 

Z  :  Review:   Relate  to  overall  need  of  transmission*  in  term*  of  gear  reduc- 
tion and  variation  of  gear  ratio*.   We  will  now  go  over  any  question* 
about  last  night'  s  assignment  3ABR47330-SG-505.  . 

3    Overview:  Briefly  describe  the  use  of  planetary  gears,  their  advantage*, 
and  how  they  give  different  gear  ratio*  required  within  transmission 

BODY  5  Hrs  30  Min 

% 

PRESENTATION: 

a? 

\      Ref:   Psra  *,  part  i  f 

a.    Basic  Principles  of  Planetary  Gears 
(1)  Terms 

(a)  Torque  -  twisting  force 

(b)  Reduction  -  torque 

increase,  speed  decrease 

(c)  Direct  drive  -  1  to  I 

gear  ratio 

(d)  Neutral  -  no  power  be 

transmitted 

(e)   Reactionary  -  member  of 
gear  set  which  is  held  to 
transmit  power 

(2)  Simple  Planetary  Geartet  Compon-  Trainer  #59-2469 

ents 

< 

I  a)   Sun  or  center  gear 


(b)  Planet  or  pinion  gear*  (and 
carrier) 


3?s 


<c)  Ring  or  internal  gear 
(3)  Operation  of  planetary  gears 
(e)  Reduction  Drives 

X  Maximum  Reduction 
inputs*  sun' gear 
reactionary  -  ring  gMr 
output  -  planet  carrier 

♦ 

1  Minimum  Reduction 
in^it  -  ring  gear 
reactionary  -  eon  gear 
output  -  planet  carrier  . 

3  Reverse  Redaction 
'input  -  eun  gear 
reactionary  -  planet  car- 
rier 

output  -  ring  gear 
(b)  Direct  Drive 

1  Lock  any  two  members 

together 

2  Drive  two  members  at 
seme  speed  in  same 

direction 

(4)  Advantages 

(a)  Constant  mesh 

(b)  More  tooth  contact 

(c)  One  common  center 

(d)  Less  strain  on  case 

(e)  Lend  easily  to  hydraulic 

control 

Locate  and  identify  components  or  3  ? '  i 
planetary  gaar  hydraulic  control 

■tr  ' 

(2) 


Trainer  #59-2469 


Demonstrate 


c 


Explain  each 


Ensure  that  all  students 
hm  the  flow  schematic 
from  3ABR47330-PT-505 


units  and  drive  nuethaniams  using  tfans- 

t  J  mm  m^  m\  mm^mm^ '  -S.  mm  mm  m  mm  ■  mm    aJl^L  _         — —  ^    —  — 

miuuw  iTwanmt  enq  sjMtcn  if  sum    Treses . 
hydraulic  oU  flow  schematic  using  3ABR 
471M-PT-509.^»sing  Pascals  Law  of  . 
Hydraulic  Principles'  ( 

a.    Hydraulic  Principles  It  Control  Units 

(1)  Pascal's  Law  and  Principles 

(a)  Force  is  equal  to  area 
of,  piston  times  P.  S.  I. 


(b)  Pressure  in  a  closed 

system  is  equal  in  all 
directions 

(c)  Motion  can  be  trans- 

mitted hf  liquids 

(d)  Liquids  cannot  be  com- 

pressed under  ordinary 
circumstances 

(2)   Hydraulic  Control  Units 

(a)  Oil  Pump 

1_  Creates  pressure 

2   Engine  driven 

2  Located  on  front  of 
case 

V 

(b)  "  Pressure  Regulator  Valve 

1_  Control  pump  output  and 
v  pressure 

« 

2  Gives  mainline  pres- 
sure 


"M1sc.  Bench  I  tans" 
Show  Pump  A 

Positive  Displacement 
Gear  or  rotor 


Illustrate  Location 
of  Pressure  Regulator 


(c)   Manual  Control  Valve 

l_  Selects  range  of  opera- 
tion 

#  » 

%  2  Controlled  by  shift  .  o  >  , 
\  -  lever  ^y   o,> '  f 


Explain 


t<D  Throttle  Valye 
\  Delay*  upshift 

2  Controlled  by  accelera- 
tor linkage  or  vacuum 
modulator 

2  Meters  pressure  accord- 
ing to  engine  speed 

(e)  Automatic  Shifter  Valve 

* 

1  Controls  application  of 
bands  and  clutches  (auto- 

.  matic  upshift) 

£  It  opened  and  closed  by 
pressure  from  governor 
or  throttle  valve  and 
•pring 

(0  Governor 

1^  Causes  upshift 

2  Driven  by  output 
•heft 

2  Meters  pressure  accord- 
ing to  road  speed 

(g)  Valve  Control  Body 

2  Houses  hydraulic  con- 
trol valves  -  i.  e.  ftree- 
sure  regulator  valve, 
manual  valve,  automatic 
.  snifter  valve 

2  Usually  located  inside 
the  transmission  case 

(h)  Servo 

i.  Hydraulic  cylinder  ussd 
to  apply  bands 


MN1sc.  Bench  Itsm" 
Show  throttle  valve 


"M1sc.  Bench  Item" 
Show  valve  body 


3.?/ 


$4% 


its 


2  Hydraulic  applied  •  spring 


2  Cowrerte  hydraulic  prea- 
sure  to  mechanical  force 

(i)  Bands 

*  '    V  Friction  lined  band  uaed 
to  hold  one  member  reac- 
tionary for  reduction  * 

2  Applied  by  servo 

(j)  Friction  Clutches 

1^  Multiple  disc 

2  Applied  by  hydraulic 

piston  released  by  spring 
pressure 

i 

$  Used  to' lock  two  members 
together  for  direct  drive 

3)  Actuating  and  Shifting  Controls 

(a)  Neutral  (engine  running  ^  Simple  two  speed 

not  moving) 

■  l 

1^  Pressure  to  regulator 

Z  Regulator  to  mfcnual  valve 

••  • 
_3  Regulator  to  governor 

*  ■ 

(b)  Low  range'  -  (moving  alowly)  • 

•  » 

_1_  Servo  applying  band 

2  Throttle  valve  delaying  ' 
upshift 


t 


_3  Slight  governor  preaaure 
~"  to  shifter  valve 

(c)  High  Range  (Direct  Drive) L  ^ 

(5) 


V 


* 1  ^ 


r 


3bV 


..."     I  ' 

1  Governor  pressure   '  ^ 
Increase  to  overcome  J> 
throttle  pressure .  • 

2  Shifter  ytlvt  opens  to 

.'  feltiwWd  and  Apply 

clutch  , 

(d)  Closed  throttle  downshift 

i.  Governor  p restore  > 
decreases  IAW  rood 
speed 

2  Throttle  pressure  and 
spring  close  shifter 
iralve 

3  Clutch  is  released  and 
band  reapplied 

(e)  Forced  downshift  (passing 

I  Movement  of  accelerator 
causes  throttle  valve 
to  open  fully 

*-    ,2  Throttle  valve  pressure 

overcomes  governor  pres-  P«s  out  copies  of 

sur.e  causes  shift  valve  3ABR47330 
to-  close 

t. 

3  Clutch  is  released  and 
band  applied 


CONCLUSION  '  IS  Mini 

UM\fARY  ANP  REMOTIVATION  r.  '  • 


Simple  planetary  gear  sets,  consisting  ©ire,  ring  fear,  sun  eear  »nH 
Ury  carrier   .r.  used  tp  obtain  vartoui^aTfalo  s!  ^dTcU^^ 
increeee  t.  obtained  by  holding  one  member  reactionary  and  drivm.  aether 
:^drrdwVe  ^obUined  by  locking  two  men^r.^e.To^'' 

e^yfflj  P^n^e'r^  - 
by  hydraulic  preKur.  c'reOTby  8f»  XS^SS^C^ 


by  tho  prtssurt  regulator  valva  And  distributed  to  virions 
is  operating.   (Conduct  a  short  question  ifid  answer  period). 


ASSIGNMENT  ANO  CLOSURE  CTT  POI  Pars  6a  3A8M7330-S8- 


2  hrs 


(7) 


9 

ERLC 


f*W  OfTFtCI  AMO  OATt 

TWSTI/7  Feb  75, 


•LOCK  NW#<* 

V 


INSTRUCTOR 


Perk  I 


•COCK  TITLE 

Power  Trilns 


^Sgrife t  HechenlceT  Operation  end  D^MM^Iy  *  Torque-E11ti  Transmissions 


n.Aa«o^* /Laboratory 
OftO  3f.5  hrs/Perf 


hrs 


|4Jj 

lenentary 

2  hrs 


TOTAL 

8  "hrs 


PAOC  OATCi 


*A«AOI»A»»M 


$TVCTJWIMJJ« 
OATt 


mhtr  1974 


OATC  1 

*  1 

CQUI1MMT  lOCATCO 
IN  LABORATORY 


COUlMtCMT 

r.noM  surrly 


1.  Bench  I  ton 
j    Torque  FlUe 
1  transmissions 

2.  Mechanic's  Cownor 
Hand  Tools 

3.  Special  Tools 


tone 


RRgCLASS  MtPAMTtOH 

CUAMirtCO  RAT 

None 


GRAPHIC  AIDS  AND 

uwci.A*»iyicb  n«Ttm»L 

1.  3ABR47330-SG-506 

2.  T036A2-5-14-2 

3.  Chart  CC74-126 

4.  M  CAFB73-20 

5.  "  ,M  73-22 

6.  "  "  73-23 

7.  "  M  73-24 


cmTewoM  ouecTivts-AWQ  tcaoumo  steps 


1 


STIJir.tlJS;  oftrS.1olv.rt£  ?4  tor&fllt.  tr.ns»1sMo«s  with  70*  .ceur.cy. 

k    pm»idSd  -1th  tools,  eou1w»nt.  I  bwch  1t«is.  while  adhering  to  appropriate 
MftS  5r2ftt^  5?MsiJ2l.PTor5i.  fl1t.  tr.«s»rf«1on  IAW  .pproprt.t.  t.ehn1c.l 
publications.  ; 


Teaching  Steps  are  Listed  In  Part  II. 
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ERIC 
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introduction 


u  mn 


1. 


2. 


Now  that  we  art  aware     tht  typas  of  drives,  design  of  sample  planatary 
gears,  andf  how, they  art  con  troll  ad  through  tht  usa  of  hydraulic-  com- 
ponents, let's  Wg1n  ralatlng  I>r1nc1p1es  to  specific  transmissions. 
Today  we  wilt  brrancerned  with  Chryslar  Corporation's  TorquefHte 
transmission.  Ravi  aw  student  accomplishment  of  3ABR47330-SG-506  and 
corract  any  1 ncorract  responses. 

In  tha  previous  lesson  we  discussed  the  usa  of  planatary  gearstts  ta. 
get  reduction,  forward  and  reverse ,  and  direct  drive.  Reduction, 
which  gives  us  a  torque"  Increase,  to  get  tha  vehicle  moving,  and  once 
we  have /reached  a  cruising  or  speed  fast  enough  to  keep  the  vehicle 
moving  We  will  need  direct  drive.   Conduct  appraisals  of  assigned 
s^udy  materials.  Test  and  grade  outside  assignment:   Rateach  as 
necessary.  } 

The  discussion  portion  of  this  lasson  will  center  on  how  the  torque  con- 
verter/functions, the  components  and  construction  of  the  TorquefUte, 
which  utilizes  the  Simpson  design  planetary  gearset,  and  finally  the 
operation  of  the  transmislon*  v  « 


BODY 


5  Hrs  30  Min 


f 


.a. 


PRESENTATION:. 

1.    Ref:|  Para  A,  part  1.  . 
Torque.  Converter 
(1)   Location  and  purpose 

(a)  Bolted  to  engine  flywheel 

(b)  Takes  place^of  clutch 

(c)  Adds  weight  to  flywheel 

(d)  Multiplies  torque  > 


FT  expiate 


(a)   Reduces  number  of  speeds 
required 


(2)  Types  . 

(a)  Demountable  or  split 

(b)  Welded 

(3)  Component  Parts  . 

(a)   Impeller  -  pumping  unit 
driven  by  engine 


Explain 


33ti 


(b)  Turblnt  -  driven 
Which  1s  sp lined  .to  trans- 
mission Input  shaft 

(c)  Stator  -  redirects  fluid  ' 

tin  / 

Phases  of  optra t1 on 

(a)  Clutch  Phase 

1  At  Idlt  speeeV 

2  Very  little  *11  flow 

(b)  Torque  Multiplication 
Phase  ^     .  % 

1  During  accel oration. 

2  Stator  locks  against 
angina  rotation 

3  Causa  vortax  (fedlr- 
ectad)  oil  flow 

*(c).'  Fluid  Coupling  Phase 

.    1  At  cruising  speeds 

2  Impeller  and  turbine 
speeds  are  equal  V stator 

*  1s  freewheeling 

3  Causes  rotary  oil  f^ojf 

)   Torque^ Converter  Malfunctions 

(a)   Stator  falls  to  lock  on 
acceleration 

1  Engine  seems  overloaded 

\2  No  torque  multlpUca- 
tlon 

3   Cruising  remains  normal 


"Bench  Item" 

Sprig  unit 


Veh.  stopped.  Trans.  In  gear  ' 


(b)   Stator  falls  to  unlock  at 
cruising 

I  Acceleration  would  be 
normal 


\ 

\ 

.    •  Y 

Chart  CC  74^126 
Redirects  fluid' 


What  causes  stator  to  freewheel 


.77- 
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(c)  Converter  shelled  out 

1  Caused  by  loose  or 
broken  vane* 1n 
turbine  or  Impeller 

2  Excessive  slippage 

3  Extremely  noisy  , 
Planetary 'Searing  (Simpson  Design) 

(1)  Two  staple  sots  with  ono  sun 
gear  cannon  to  both  sots 

(2)  Front  planetary  goarsot 

(a)  Front  ring  gear  1s  tho 
drive  mamber 

(b)  Front  planot  carrier  1n  tho 
drlvon  member  attached  to 
tho  output  shaft 

(c)  Sun  gear  1s  tho  reactionary 
member 

(3)  Rear^lanetary  gear  sot 

(a)'  Sun  gear  Is  a  drive  member 

.(b)  Rear,  ring  gear  1s  the*dr1ven 
number  and  1s  attached  to 
tho  output  shaft 

(c)   Rear  planot  carrier  1s 
the  reactionary  member  '■' 

Pla^mttary  Controls 

(1)  Front  clutch" 

(2)  Rear  clutch 

(3)  Front  band  (Mckdown) 

(4)  Roar  band  (low-reverse) 

# 

(5)  Overrunning  dutch  (sprag  ^ 
unit)  -  ^ 


During  Acceleration 
At  Idle 

f 

TorquefUte 


Varies  according  to  manu- 
facturer of  trans. 


(3) 


3f6 


Operation  y   ■    ■  , 

(1)   Neutral    j  Cha^t  #73-20 

(a)   Input  shift  turn  tht  A 

front  clutdHwe  ft  rear  1  * 


clutch  drum 

(b)  No  clutches  topi  ltd,  no 
drlvt  to  planetary  gear 
stts 


(2)  Park 

(a)  Output  shaft  1s  lockod  to  ^ 
cast  by  the  parking  pawl 


(b)  With  angina  running,  opera- 
tlon  1s  sama  as  neutral 


(3)    1st  spaad  (Drive  Re,nge)  Chart  #73-22 

r    (a)   Rear  clutch  1s  applied, 
which  connacts  Input 
shaft  to  tha  front  ring 
9«ar  '  ^ 

(b)   Front  planat  carrier  1s 

held  by  output  shaft  1 

\      (c)   Front  planat  pinions  turn 
on  their  axis  and  drive  tha 
sun  gea:  opposite  of  Input 

(d)   Sun  gear  drives  the  rear  * 
planetary  pinions  In  the 
same  direction  as  Input 


(e)  Rear  planet  carrier  1s  held 
*  by  the  overrunning  clutch 

(f)  Rear  planetary  pinions  must 
drive  rear  ring  gear  and 
output  shaft  1n  same  dir- 
ection as  Input 

(4)   1st  Speed  (manual  low)  ,    .  Chart  #73-23 

y 


(a)  Rear  band  1s  applied  and 
holds  rear  planet  carrier 

(b)  Power  flow  same  as  1st 
speed  drive  range 


3:><< 


(4) 


f  *  * 


(C)    HftMt  CMTl«f  t*nOOt 

provide*  for  mint 

•braking 

(5)  2nd  Spttd  •  Chert  #73-24 

(i)  Rear  dutch  and  front 
band  art  applied 

(b)  Rear  clutch  locks  Input 
to  front  ring  gtar 

(c)  Front  band  holds  front 
clutch  housing,  driving 
shoal .  and  front  sun 
goar 

'  (d)  Front  planot  carrier  1s 
forcod  to  walk  around 
tho  stationary  sun  goar 
and  drjve  tha  output 

shaft  '  •  • 

(a)  Roar  planat  carrlor  1d1os 
1n  dlroctlon  of  angina 
rotation  (allowod  by 
i  overrunning  clutch)* 

(6)  3rd  Speed  (Direct  Drive)  Chart  173-25 

(a)  Rear  clutch  and  front 
clutch  are  applied  at 
the  same  t1«e  front 
band^js  released 

(b)  Rear  clutch  locks  Input 
to  front  ring  gear  and 
front  clutch  locks 
Input  to  the  front  sun 
gear 

(c)  Since  two  neuters  of  the 
front  goarset  are  being 
driven  1n  the  sane  dir- 
ection at  tho  sane  speed, 
the  entire  goar  trrtn  1s 
1n  direct  drive 

(7)  Reverse  Chart  #73-26 

(a)  Front  clutch  and  rear 

.  band  are  applied  3}n 

(5) 
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(b)  front  clutch  locks  Input 
to  the  rear  tun  gear 

(c)  Roar  band  holds  roar 
pi  ant t  carrlor 

*  (d)   Front  ctrrltr  Idles  1n  rtvtr»% 

Removal  and  reinstallation  y 

\  *  i 

\ 

•(1)  Safaty  precautions 

(a)  Personal  safety  -  remove  .  ENFORCE!  M 
rings*  Matches  and  any  , 
other  jewelry  V' 

(b)  Disconnect  battery  ground  — 
cable 

*  * 

(c)  Properly  jack  and  support 
the  vehicle 

(d)  Use  transmission  jack 

(e)  Wipe  up  spilled  fluid 
(2)  Removal  Procedures 

(a)  Remove  flywheel  Inspection 
cover  and  flywheel 'and  con- 
verter for  balance 

(b)  Drain  converter  using 
a  six  point  socket  on 
drain  plugs 


(t$  Loosen  oil  pan  or  remove 
drain  plug  to  drain  trans- 
mission 

(d)  .Follow  manufacturer's 
manual  for  disconnect 
points  NOTE:  converter 

.  and  transmission  must 
be  removed  and  replaced 

.   as  an  assembly 

(3)   Installation  Procedures 

(a)  'Basically  reversal  of 
removal  procedures 

*  * 

(b)  Follow  applicable 
manual 


3  •?  I 


APPLICATION: 

1.   Ref:   Part  B,  part  1. 


CONCLUSION 


Use  TO  3SA2-S-H-2  and 
following  tech  dati, 
using  special  and  hand . 
tools  disassemble  trans- 
missions (TorquafUta^ 

15  Min 


SUM1ARY  ANO  REMOTIVATION 


1. 


The  main  purpose  of  the  torque  converter  1s  to  multiply  torque  and  act 
as  a  clutch.   The  Impeller  (drive  member)  1s  driven  by  the  engine  and 
transmits  the  torque  to  the  turbine  (driven  member)  through  fluid  which 
turns  the  transmission  Input  shaft.   The  statwr  redirects  the  oil  flow' 
to  cause  torque  multiplication.   In  the  torquefUte,  we  have  two  simple 
planetary  gear  sets  with  a  sun  gear  coeaon  to  each  set.    (Simpson  Design). 
The  Simpson  planetary  arrangement  1$  controlled  by  two  clutches,  two  bands, 
and  an  overrunning  clutch  (Sprag  Unit).   The  rear  clutch  1s  applied  1n  all 
forward  speeds.    In  1st  speed  (drive  range)  the  overrunning  clutch  holds 
^    the  rear  planetary  carrier  which  transmits  power  through  both  gear  sets. 
In  manual  low  the  only  difference  1s  the  rear  band  holds  the  rear  planet 
carrier  which  allows  for  engine  braking.   In  2nd  speed  the  front  band  1s 
applied  and  holds  the  sun  gear  which  transmits  the  torque  through  the 
front  planetary  gear  set.   In  3rd  speed  (direct  drive)  the  front  and  rear 
clutches  are  applied  and  locks  the  front  ring  gear  and  sun  gear  to  the 
Input  shaft.   In  reverse,  the  rear  clutch  and  rear  band  are  applied  and 
torque  is  reversed  1n  the  rear  planetary  gear  set.   During  removal  of  an 
automatic  transmission,  we  must  follow  the  applicable  manual  and  all  safety 
precautions. 

(Conduct  short  question  and  answer  period).      Conservation  of  Utilities 

and  Resources 
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PtECLASS  PREPARATION 


EQUIPMENT  UOCATCO 
IN  LABORATORY 


1*  TorquefUte  auto 
transmission 

2.  Mechanic's  Cornnon 
Hand  tools 

3.  Special  tools 


EQUIPMENT 
FROM  SURRLV 


CLASStritO  MATERIAL 


None 


tone 


GRAPHIC  AIDS  A  HO 
UNQL  AlliriCO  MATtRlAL 


1.  3ABR47330-SG-506 

2.  T036A2-5-14-2 


CRITERION  OBJECTIVES  AND  TEACHING  STEPS 


a.  Without  references.  Identify  basic  facts  and  terms  relative  to  the  hydraulic 
operation  in  the  torquefUte  transmission  with  70*  accuracy. 

b.  Supplied  with  bench  Items,  tools,  equipment,  and  technical  publications,  and 
using  appropriate  safety  practices,  disassemble.  Inspect,  and  reassemble  subassemblies 
of  the  torque  fUte  transmission  IAW  technical  publications. 


Teaching  Steps  are  L1sted^1n  Part  II. 
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INTRODUCTION 


15  Hln 


Discussion  &  demonstration 
will  be.  performed  In  lab  area 


'J 


1.  Attention  and  Motivation:   Relate  to  students  how  knowledge  of  various 
components  1n  the  hydraulic  system  is  necessary  1n  order  to  ensure  pro- 
per operation  of  the  transmission  whjn  reassembled.  ^ 

2.  Review:   Review  the  construction  and  mechanical  operation  of  torque- 
fllte  and /how  this  knowledge  1s  helpful  during  rebuilding  procedures. 
Check  progress  on  3ABR4733O-SG-506,  correct  any  mistakes . 

3.  Overview:   Briefly  describe  the  necessity  of  various  Itydraullc  compon- 
..  ants  for  proper  transmission  operation. 

BOOY  5  Mrs  30  M1n 

PRESENTATION  "  1 

1.    Ref:    Para  a  &  b.  Part  1 

.»*  » 

a.  ^ront  Pump 

(1)  Rotors 

(a)  provide  sufficient 
volume  to  create 
pressure 

(b)  Inspected  for  scores, 
pitting,  and  clearance 
1n  pump  body 

(2)  Pump  body  and  Reaction  Shaft 
Support 

(a)  provides  support  &  fluid 
passages 

(b)  Inspect  for  hicks  &  burrs 

(c)  Inspect  bushings,  seals, 
.  &  interlocking  seal  rings 

b.  Front  Clutch 

(1)  Ptston 

c 

(a)  converts  hydraulic  pressure 
to  mechanical  force 

(b)  inspect  piston  bore,  seals, 
seal  grooves,  &  return  springs 

(2)  Oirvo  and  Driven  Discs 


ERIC 
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(a)  locks  sum  gears  ft  -smell  # 

to  Input  v 

lb)  Inspect  drive  disc  fric- 
tion facing  ft  splints 

(c)   Inspect  steel  driven  discs 
13}  Housing  * 

*  k 

(a  J  Inspect  disc  grooves ,  front 
band  contacting  surface, 
&  ball  check  ' 

(b)  inspect  seal  surfaces,  bushing, 
&  clutch  plate  clearance  upon 
reassembly  _ 

Rear  Clutch 

(1)  Piston 

(converts  hydraulic  pressure  to 
mechanical  force 


(b)   Inspect  piston  bore,  seals, 
seal  grooves,  ft  ball  check 

(2)   Drive  and  Driven  Discs 

(a)  lock  front  ring  gear  to 
Input 

(b)  Inspect  driven  disc  fric- 
tion facing  ft  front  clutch 

^      hub  splines 

(c)  fnspect  steel  drive  discs 
(3J    Input  Shaft  and  Housing 

(a)  Inspect  interlocking  seal 
rings,  bushing  ft  thrust 
washer  on  Input  shaft 

(b)  inspect  disc  grooves,  seal 
surfaces,  ft  return  spring 

(c)  measure  clutch  plate  clear- 
ance upon  reassembly 

Front  Servo  and  Band 


Use  TO 

36*2-5-14-2  Common  Hand 
and  Special  Tools  to 
remove  Inspect  repair 
torquefllte  components 


3*5 


(2) 


U)   $trvo  . 

(a)  convtrts  hydraulic  pressure 
to  mechanical:  force 

■s.  ' 

.  (b)  Inspect  piston ,  soil  rings, 
I  tort  In  cast 

(2)    Band  * 

(a)  holds  sun  gear  reactionary 

(b)  Inspect  band  a  fHctloii 
.  lining 

e.  Rear  Servo  and  Band 

(1)  Servo 

(a)   converts  hydraulic  pressure 
to  mechanical  force  ' 

lb)   Inspect  piston,  seal,  & 
bore  1n  case 

(2)  Band 

(a)  holds  rear  planetary  carrier 
reactionary 

> 

(b)  inspect  band  a  friction 
'  lining 

f .  Governor  and  Support 


(1)   Valve  &  weights'1 


I 
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(a)  meter  pressure  according  to 
output  shaft  speed 

(b)  Inspect  valve,  Inner  & 
outer  weight,  4  spring 

(2)   Governor  Body  and  Support 

.  (a)  provides  fluid-  passages  a 
parking  gear 

(b)   Inspect  bores,  seal  rings, 
a  parking  gear  lugs 

Accumulator  Piston 

(1)   cushions  the  application  of  * 

front  band  * ' } 

(3) 


<   (2)  Inspect  piston,  ml  rings,  \ 
piston  bort  m  cast,. A  spring 

h.  Valve  Body  Assembly 

(1)  flow  control  vilvts 

(a)  provldo  manual  4  automatic 
control  of  transmission 

» 

i[b)   inspect  all  valvas  4  valvt 
springs 

(2)  Housing,  Transfar  Plata,  &  Sep- 
arator Plate 

(a*)  houses  valvas  4  provides 
fluid  passageways 

(b)  inspect  all  mating  sur- 

'  faces,  valve  bores,  passage- 

ways, 4  metarlng  holes 

1.    Planetary  Gear  Train 

(1)  hydraullcally  controlled  to  provide 
gear  reduction  4  direct  drive 

(2)  Inspect  bearing  surfaces,  oil 
passages,  &  splines  on  output 
shaft 

OK  Inspect  bushings  &  thrust  washers 

J4)   Inspect  sun  4  ring  gears,  4  planetary 
carriers  &  gears 

j.   Overrunning  Clutc^ 

(1)  Inspect  rollers,  roller  races,  4 
roller  springs 

(2)  Inspect  cam  set  screw 
APPLICATION: 

1.   Insterspersed  throughout  presentation. 

EVALUATION: 

1.   Question  students  on  pertinent  informs-  o- 

tlon.  *  %J- 


(4) 


\ 

i 

conclusion        ;  <  ^       is  Mm 

Sl'WfcY  AND  NW0TCVAT10N:  v%.  * 

1.  .Today's  lesson  has  shown  I  explained  tht  function,  construction,  a 
Inspections  of  nearly  all  components  in  tht  torqutfUtt.   In  ordtr 
for  any  transmission  to  function  as  designed*  tht  components  must  bt 
In  tht  proptr  condition.  ^ 

ASSIGffMENT  AND  CLOStJftf  •         -vu  p%r,  8a      3ABR47330-SG-506   2  hrs 

■  * 

1.   Review  the  material  covered  today  a  tomorrow  we~wTfl  reassemble  the  ~ 

transmission  a  discuss  trr'Hashootlng. 

>  •  "  v 


r 


\ 

^ 


v 
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IMMATURE  f 

1  OAT1 

I  WXATUit 

PATE  1 

✓  ^^^^^^^^^^ 

MECLASS  Ml 

E  PARAXON 

EQUIPMENT  LOCATED 
IN  CAtON ATOPY 

EQUIPMENT 
FPOM  SUPPLY 

CLAUlPlf  0  MATERIAL 

.•PAPMIC  At  OS  AMO  I 

1.  Torque  flite 

•  Transmissions 

2.  Vacuum  control  unit 

3.  Engine  dynamometer 
w/automatic  trans 

4.  Mechanic's  common 
hand  tools 

5.  Special  tools 

None 

s 

None 

( 

1.  3ABR47330-SG-506 

2.  T036A2-5-14-2 

3.  T03fiA2-3- 20-2-1 

4.  T036A2-4-22-2 

i 
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CRITERION  OBJECTIVES  AMO  TEACHING  STETM 


< -    Provided  wi th  tools,  equipment,  vehicles,  engine  tralnersr-w 
f  observing  appropriate  safety  practices,  use  Usual  amt.operatlon 
leak  detection,  band  and  linkage  adjustments,  vacuum  control  un 
change  procedures  on  automatic  transmissions  IAW  Technical  Publications. 


Teaching  Steps  are  Listed  1rv^r*aVtII. 


transmissions  and 
k 1  means  to  perform 
checks  and, fluid. 

Ham  jmfi**** 
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INTRODUCTION 


IS  H1n 


I.  ' a« fate  to  stuce/iis  tiie  importance  of  regular  maintenance  of  transmissions 

srcptr  operation,  dependability*  and  good  drlveebinty.  Also 
,        j.  iventatlve  maintenance  can  prevent  later  Ml  functions  and  labor. 

I.   *»view  construction  and  operation  of  automatic  transmissions.  Conduct 
cral  aporalsals  on  assignment.   Ttst  and  grade  outs 1 da  assignment: 
~?>«acn  as  needeu.   Check  on  completion  of  asslgnstnt  1  n . 3A8R47330-SG-506 . 

3.   Brlofly  describe  tha  basic  maintenance  a  adjustments  common  to  automatics.. 


BODY 


fRe^NTATION: 
1.   Ref:    Para  a, -Part  1 
a.  lamtenance 

'1;   Prtventatlve  Malntananca 
(a/  Fluid  Level 


1  Engine  &  transmission 
normalized  ^ 

2  Selector  Lever 
must  be  moved  . 
through  all  ranges 

3  Place  transmission 
Jn  neutral ,  check 
level  on  dipstick 

(4))   Fluid  changes  and  filter 
replacement 

1_  Follow  manufacturer's 
manual 

i 

2  Usually  done  more 
"  often  under  severe 
operating  conditions 

(c>  visual  Inspections 

I.  Linkage 

> 

2  External  leakage 

3  Vacuum  connection  A  hose 
on  vacuum  modulator 


4  Hrs 


Use  TorquefUte  transmissions 


HOT!  I 

To  fill  passages 
O^NOT  OVERFILL 


On  some  vehicles,  1t  1s  not 
necessary 

Ford  -  Type  F 


Show  vacuum  control  units 


35'. 
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Adjustments  1 

(I)  Band  adjustments 

ta)  Correct  servo  plstfn 
travel  •  * 

•    (b)  Adjusted  at  specified 
Intervals  . 

„    Cc)  Adjusted  when  nttdtd 

(d)  Ad jus tad. according 
to  mfg  specs 

\2)  Throttle  Valve  Adjustment 

*  » 

(a)  "'  Adjusted  to  obtain 

proper  shift  points 

(b)  Adjusted  to  mf 9  -specs 

(3)  ManuaMalva  Linkage 

■w 

JF  * 

(a)  Check  trans,  and  engine 
mounts  /  > 

(b)  To  obtain  proper  range 
of  operation 

(c)  According  to  mfg  spec 

(4)  Pointer  Alignment 

(a;   Adjusted  after  manual 
] 1 nkage 

(b)  Usually  on  steering  column 

(c)  According  to  mfg  specs 

(5)  Safety  Starter  Neutral  Switch 

(a)  On  transmission 
(torquefHtes) 

* 

(b)  In  linkage  (C-4) 

(c)  According  to  mfg  specs 


Demonstrate  operation  of 
the  engine  transmission 
dynamdmeter  trainers 


Use  common  and  special 
tools  as  required  to 
make  adjustments 


Why? 


35 1 
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t nation:   Interspersed  throughout  bodty 


TO  MA2-5-H-2 


I.  .;ef>   Para  a,  Part  1. 


tend  Adjusting  Tools 
Hand  Tools 
Bonch  I tans 


i\  M  '\riON: 

!     *      would  causa  aeration  of  trans- 
mission fluid? 

*».ttt  orellmlnary  checks  art  made 
:  *fore  initiating  troubleshooting 
procedures?  , 

3.   When  performing  band  adjustment, 
♦•Hit  is  actually  being  corrected? 

J     what  is  the  purpose  of  the  safety 
starter  neutral  switch? 

5.  What  is  controlled  by  the  throttle 
valve  linkage  adjustment? 

6.  What  could  cause  an  automatic 
transmission  to  overheat  during  operation? 

7.  ^hen  should  bands  be  adjusted? 


•  SUMMARY  AND  REMOTIVATION : 

1.   Preventive  maintenance  is  necessary  to  ensure  the  proper  operation  &  leng- 
'life  of  ah  automatic  transmission.   Maintaining  transmissions  adjustments 
,will  extend  the  life  of  transmission  components  and  Improve  vehicle  performance. 

'  ASSIGNMENT  AND  CLOSURE: 

1.    Review  today's  lesson  and  'accomplish  new  day's  assignment  3ABR4733O-SG-701  In 
preparation  for  Block  7  -  Conservation  of  utilities  and  resources  - 


CONCLUSION 


15  M1n 


(3) 


<L-)I.  3* 


mat  GUIDE  MBR47M*-SG-5O0 


work 


7330-HS-50* 


Technical  Training 


C«n«rnl  Purpose  VthfcuU 


BLOCK  V 

POWER  TRAINS  AND  DUMP  TRUCK  CONTROLS 


13  April  1970 
$   *  J* 

4  ' J^flrm  * 


CRANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 


Dttigrwd  For       Court*  Ut« 


353 


Trflainf  publication*  art  daalfntd  for  ATC  cpurat  um  only.  Tbty  art  updated  as  nacttaary 

Amp  iwft4tt4aa4P  wiaAaaa    ta*aaV  ana  aa  k«       — M  aj^^  Jj-Ai  A  M  —  *a  _  . —  i*  '  — — ^*  , 

Pff  jnuui  pQrpow*f  h  m  poc  to  m  uim  oa  mm  job  u  aUKOoruuivt  fMtftacw  w  prtff<» 
lytaci  to  TtdmtealOrdtfft  or  othtr  ottcitl  publication!.  * 


*  • 


IMS 


:ir, 


vanide  Maintenance  Branch 
Chanute  A7B,  Iliinoia 


3ABRA7MO-SG-501 


CLUTCHES,  STANDARD  TRANSMISSIONS ,  AND  POWER  TAKEOFF 


OBJECTIVES 


After  completing  thi»  unit  of  instruction,  you  will  understand  the 
•mrpoee,  opsrnting  principlee,  snd  typee  of  automotive  clutches,  standard 
Remissions  and  power  takeoff  f.    Ton  will  also  ba  abls  to  disassemble,  . 
inspect,  repair  and  reassemble  thasa  units. 

j 

t  ttroduction  , 

tn  pravioua  lessons  you  laarnad  of  ths  pownr  plant  and  its  accessorise. 
y>u  are  now  raady  to  laarn  how  tha  powar  davalopad  by  the  vahlcla  angina  J_ 

reachea  tha  vahlcla  whaala  ao  that  tha  whaala  wUl  rotata  and  causa  tha  

vahlcla  to  move.    This  U  dona  through  a  aarlaa  of  gaara  and  shafts,  commonly 
callad  tha  pownr  train,  which  aachanlcally  cotmsct  tha  angina  ahaft  with 
tha  vahicls  whaala.    Tha  purpoaa  of  tha  powar  train  ia  to  carry  tha  powar 
of  ths  angina  to  tha  whaala  and  accaaaory  equipment.    In  a  elmple  situation, 
4  let  of  gaars  or  s  chain  could  perform  thia  teak.    However,  autoaotlva  ^ 
vehielea  ara  not  usually  made  for  such  simple  operating  -conditions.  Thsy 
iu\9  great  pulling  powar,  nova  at  high  spaada,  travel  in  reverse  aa  wsll 
ss  forward  and  operate -over  rough  ground  as  wall  as  on  smooth  roads.  To 
mat  thssa  varying  demsnds,  a  number  of  units  hsva  been  addsd.  Included 
in  thaas  units  are  tha  clutch,  transmission  snd  powar  taksoff. 

information  1 

i 

Information  ralativa  to  ths  purpoaa,  oparating  principles,  and  instruc- 
tions for  tha  disaeesmbly.  inspection,  repair  and  reassembly  of  automotive 
Arches,  standard  transmissions  and  power  takeoff s  is  contained  in  Pro- 
Srr.ianed  Text  3ABR47330-PT-501.    Read*  this  information  carefully  and  then 
^»wer  the  questions  contained  therein. 
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Vehicle  Maintenance  Branch  3ABR47330-SG-502 
Chanute  AJB,  Illinois 

CLUTCH  AND  TRANSMISSION  REMOVAL  AMD  REPLACEMENT 

* 

C3JECTIVE5 

Upon  collet  ion  of  this  unit  of  instruction,  you  will  bo  abls  to  remove, 
irspect,  install,  and  adjust  clutch  and  transmission  by  using  spacial  tools 
-ad  equipment  and  applying  all  safaty  pracautlona. 

.NTRCDUCTION 

Bacausa  of  tha  variations  in  construction  of  transmissions  on  diffsrant 
typa  vehicles,  different  procedures  must  be  followed  whan  removing  and 
installing  the  transmission.    Baalcally  the  procedures  are  similiar.  By 
vslng  tha  proper  equipment  it  can  be  lowered  to  the  floor  or  raiaed  through 
tne  body,  as  specified.    As  with  transmissions,  the  clutch,  due  to  the 
differences  In  construction  and  design,  make  it  necessary  to  use  somewhat 
different  procedures  and  tools  when  removing  it  from  the  vehicle.  The 
first  step  in  clutch  removal  is  to  remove  the  tranamission, 

irr  C^RMATION 

As  previously  stated,  the  removal  and  installation  procedures  for 
clutches  and  transmissions  may  vary  on  certain  vehicles.    It  would  be 
Impossible  to  give  a  step-by-step  procedure  for  these  jobs  at  this  time. 
Prior  to  performing  these  tasks  you  will  participate  in  a  discussion  relative 
to  the  procedures  for  removing  the  clutch  and  transmission.    You  will 
perform  these  jobs  by  using  applicable  vehicle  publications  and  following 
a  task  list  and  procedures  as  outlined  by  the  instructor.    Special  emphasis 
will  be  stressed  on  all  safety  precautions  pertaining  to  these  projects. 


ZJai:.  finance  Branch 
•^t-.»ti  AFB,  Illinoie 


3ABR47330-SG-503 


TRANSFER  CASE,  SPRAG  UNITS,  PROPELLER  SHAFTS, 
CENTER  BEARING,  UNIVERSAL  JOINTS,  AMD  WINCH 


•;3  JFCTIVFS 


After  completing  this  unit  of  Instruction,  you  will  understand  the 
u???se,  constructional  features,  and  operating  principles  of  the  transfer 

apreg  unit,  propeller  shafts,  center  bearing,  universal  joints  and 
--ch.    Xou  will  also  be  able  to  disassemble ,  inspect, 
.-a*  units. 


repelr  .and  reassemble 


«mCDUCTION 

As  stated  in  a  previous  lesson,  the  purpose  of  the  power  train  is 
••  i  carry  the  power  of  the  engine  to  the  wheels  end  accessory  equipment 
;uch  as  winches)  of  the  vehicle.    This  is  accomplished  by  a  member  of 
units.    These  Include  transmissions,  clutchee,  auxiliary  transmissions, 
transfer  cases,  universal  Joints,  slip  Joints,  differentials,  and  final 
^Tiv^s.    It  la  the  responsibility  of  the  general  purpose  vehicle  repairman 
'.5  aiiatain  and  keep  these  units  in  e  fully  opt  rational  condition  at  all 
'  To  accomplish  this,  the  mechanic  must  be  able  to  perform  any  needed 

^rational  testing,  service  and  repair  of  these  units. 

I?!FnaMATION 


Programmed  Text  3ABR47330-PT-503,  contains  information  on  the  construction, 
operating  principles,  servicing  and  repair  of  these  units.    Also  included  is 
procedures  for  the  removel  and  lnatallstlon.of  power  train  units.  Read 
tnls  information  carefully  and  answer  the  questions  contained  therein. 


'JvtucU  Maintenance  Branch  3ABR47330-SG-504 
Chanute  AFB,  Illinois 

CONVENTIONAL  AND  ANTI-SPIN  DIFFERENTIAL  AND  FRONT  DRIVING  AXLE 

OBJECTiyr;? 

After  completing  this  unit  of  instruction,  you  will  understand  the 
-urpcse,  construction,  end  operating  principles  of  differentials  end  front- 
driving  axles.    You  will  also  learn  the  procedures  for  removing,  disassembling, 
1 13  pec  ting  and  repairing  these  tmlts . 

ITI-'ODUCTION  ' 

S*3e  heavy-duty  vehicles  have  driving  axles  in  the  front  as  well 
as  i'cxe  rear.    The  primary  differences  between  front  and  rear  driving  axles 
is  that  front  driving  axles  must  have  a  means  of  steering.    All  driving 
xxIab  contain  a  differential.    The  purpose  of  the  differential  is  to  provide 
for  differences  in  speed  of  rotation  of  wheels' aa  a  vehicle  rounds  a  corner 
or  travels  over  uneven  ground.    Basically  there  are  two  types  of  differentials, 
conventional  and  non-slip.. 

uNiCrJlATION 

To  learn  the  purpose,  construction,  and  operating  principles  of  the 
drive  axles  and  their  components  carefully  read  the  information  contained 
m  Programmed  Text  3ABR47330-PT-504,  and  study  its  illustrations.  You 
will  learn  the  procedures  for  servicing,  repairing,  and  troubleshooting 
these  units  by  completing  the  tasks  as  outlined  in  Worksheet  3ABR47330- 
WS-504,  and  as  directed  by  your  instructor. 


>p\ca«  Maintenance  Branch 
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3ABR47330-WS-504 


CONVENTIONAL  AND  ANTI-SPIN  DIFFERENTIAL  AND4  FRONT-DRIVING  AXLE 

* 

•-UiiCTZVES 

t 

you  haw  completed  thl»  Worksheet  you  will  be  able  to: 
Disassemble  and  reaeeeable  the  drive  axle. 
Inspect  the  axle  and  Its  components. 
Repair  and  adjust  the  'axle  and  components . 

;JL?MENT 

Driving  Axle  r 
Axle  Stand 
Mechanics  Tool  Set ' 


"  C'TDURE 


Exercise  1 


Using  the  worksheet  as  a  guide  for  step-by-step  procedures  and  important 
inflation,  perform  each  task  as  outlined  and  as  directed  by  the  instructor. 


PROCEDURE 

1.  Practice  all  safety  precautions 
applying  to  the  project. 

2.  Obtain  applicable  publications 
from  the  file. 

3.  Prepare  to  disassemble  and 
reassemble  a  front  driving  axle.' 


A.    Drain  lubricant  from  the  front 
axle  housing. 

5.    Place  front  axle  in  a  safe  position. 


Mike  preinspectlon  of  front  axle 


IMPORTANT  INFORMATION  «# 
 <  — - 

1,  Think  Safety-Practice  Safety- 
Act  Safely. 

t 

2.  Publications  title  or 
technical  order  No. 

3".    Check  for  special  tools, 

parts  containers,  drain  pans, 
rags,  etc. 

4.  Inspect  drained  lubricant 
for  broken  parts  or  metal 
chips. 

5.  Be  sure  front  axle  will  not 
,  fall  from  work  bench  or 

stand. 

6.  Inspect  front  axle  for 
cracks,  leaks,  gaskets, 
seals  or  other  damage. 


9  '?5.y 
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7.    Roam  differential  cover,  and 
inspect  drive  gears  for  d«Mgi 
/and  adjustments. 


8.    Inspect  differential  gears 
(pinions)  for  free  turning. 


9.    Remove  the  wheel  hubs. 


10*    Remove  steering  knuckle  (spindle 

arm)  including  seals  and  retainers. 


ll\   Remove  axle  shaft  and  universal 
\  joint. 

^2.    Remove  differential  bearing  caps, 
and  differential  case  with  gears. 


13.    Remove  drive  pinion 'and  bearings- 


14.  Clean  and  Inspect  the  axle 
housing  including  the  steering 
knuckles. 

15.  Clean  and  Inspect  all  bearings 

used  in  the  driving* axle. 


16.    Clfan  and  Inspect  all  gears 
replace  worn  gears. 


7.  Check  the  pinion  and  drive 
gear  adjustment  for  looee- 

~ nest ,  tightness ,  end  play, 
side  play,  heel  wear,  toe 
wear,  drive  pinion  too  far 
ahead  or  back,  rough  or  worn 
gear  teeth. 

8.  Inspect  the  differential  by 
turning  one  hub  or  wheel, 
holding  tae  other  one  still. 
The  differential  pinions 
should  rotate  Inside  the 
differential  case  between 
the  axle  shaft  side  gears. 

9.  Place  parts  in  a  parts  pan 
containing  cleaning  solvent. 
Parts  must  be  cleaned  before 
they  can  be  used  again. 

10.  The  retainers  and  seals  must 
be  removed  first,  the  bearing 
caps  and  shims  next ,  then  the 
steering  knuckle  (spindle 
arm)  can  be  removed. 

11.  The  axle  shaft  and  U- joint 
can  be  pulled  out  by  hand. 

12.  It  may  be  necessary  to  use 

a  special  tool  for  spreading 
the  housing,  if  the  dif- 
ferential case  is  tight  in 
the  housing. 

13.  A  special  tool,  or  a  soft 
mallet  can  be  used  to 
remove  this  pinion  and 
bearings . 

14.  Clean  the  axle  housing  and 
steering  knuckles.  Inspect 
for  grindings  or  chips. 

15.  All  bearings  must  be  washed 
clean  Inspected  for  rough 
spots  on  the  rollers  or 
races. 

* 

16.  Wash  all  gears  In  cleaning 
solvent,  Inspect  for  worn 
or  rough  spots,  replace  all 
leers'  if  they  are  worn  or 
rough . 


3^ 


Clem  and  Inspect  axle  shafts, 
«pllnes,  &ad  universal  joints* 


Check  and  order  the  oil  seals 
and  gaskets  needed. 


Check  and  prepare  all  parts 
and  equipment  for  reassembly 


Replace  the  drive  pinion  In  the 
axle  housing.' 


Replace  the  drive  gear  and 
differential  in  axle  housing. 


Adjust  drive  gear  and  pinion 
DacklaW  (free  play). 


Replace  axle  shafts  and  universal 
Joints. 


1 


Place  knuckle  oil  seals  over  axle 
housing  ends. 


P.eplace  steering  knuckles  (spindle 
arms)  and  adjust  bearings. 


17.  Clean  axle  shafts,  universal 
joints  and  splines  on  the 
axle  shafts.  Inspect  for 
wear.  Be  sure  to  Inspect 
the  splines  en  end  of  the 
.axle  shafts ,  If  worn  the 
axis  shaft  oust  be  replaced.  r 

18.  Oil  seals  and  gaskets  are 
usually  replaced  after 

'  removal. 

19.  Are  you  prepared  to  assemble 
the  driving  axle?    Have  you 
the  proper  parts,'  tools, 
gaskets,  seals,  gages,  oil 
end  greases? 

20.  Be  sure  good  bearing  are 
used,  lubricated  end 

.  adjusted.    Special -gages 
are  used  for  making  adjust- 
ments.   Ask  your  Instructor 
about  adjustments  or  refer 
to  the  proper  publication. 

21.  Replace  differential  gears 
in  differential  case  with 
drive  gear,  and  plate  the 
assembly  In  the  axle  housing. 

22.  This  backlash  adjustment  is 
the  amount  of  free  play 
(movement)  you  can  turn  the 
drive  gear  without  turning 
the  drive  pinion .    It  can 

be  measured  with  a  dial  gage 

23.  Push  and  turn  on  the  axle 
shaft  until  the  splines 
slide*  into  the  differential 
side  gear.   '  X 

24.  New  oil  seals  should  be  used 
to  keep  grease  in  and  dirt 
out . 

25.  These  bearings  should  be 
,   adjusted  with  a  preload. 

Refer  to  the  applicable 
publication  for  specifi- 
cations. 


■v 


26.*  Bolt  oil  seals  in  place*  on  the 
ttMrlfts  knuckles  C«P  indie*  arm). 


27.    Replace  wheel  huba,  and  brake 
carrier  plates.  ■ 


,28.    Replace  differential  cover. 


29.  Make  final  check  for  aiaeing 

■  r    part a,  looae  bolts,  nuts,  washers, 
seals,  gaskets,  keys,  locks  or 
pluga. 

30.  Lubricate. 


f 


31.    Participate  In  a  critique  of  the 
completed  project  (Job) .  % 


33 


26 .    After  ^he  oil  seala  have 


27. 


bolted  |b place,  the  / 
turning  (preload)  load  Will 
increaae  but  thla  does  not  '  .  > 
count  with  the  specif  loatlonsW 


Wheel  huba  use  ball  or 
roller  bearings.  Theae 
bearlnga  must  be  wall 
packed  with  wheel  beering 
grease,  and  proper  adjueft- 
aents  aade.    Refer  to  the 
proper  publication  for  ""0*5 
wheel  bearing  adjuatmant.^-C^, 


\28. 


Whan  replacing  the  dif> 
ferentlal  cover  a  new 
gaaket  must  be. used.  .  Be 
sure  it  does  not  leak  grease. 

29.  "Thtak.!!    If  you  werL  going 
to  place  thla  axle  under  a  , 
vehicle,  would  you  be\  willing 
to  ride  down  the  highway  in 

'it  at  60  miles  per  hourY 

30.  yAak  your  instructor  If  you  4 
•     should  fill  this,- axle 

houaing  to  proper  level  with 
lubricant.    If  ao  refer  to 
the  applicable  publication 
for  proper  lubrication  and 
level. 

31.  Tour  instructor  will  conduct 
the  critique.    Be  prepared 
to  aak  and  answer  questions. 


Exercise  2 


PROCEDURE 


1  though  8, 


Referring  to  items  1  thrbugh  8,  complete  the  statements  by.  listing  the 
applicable  units  and  components  in  spaces  provided. 

-> 

Referring  to  figures  .1  through  A,  list  the  units  and  components  as  shown 
in  the  spaces  provided. 

1.  Power  from  the  propeller  ahaft  is  changed  90  degrees  and  trans- 
mitted to  the  driving  axle  by  the     . 

2.  A  flexible  connection  is  provided  in  the  front  driving  axle  houaing 
by  the  ■   and 


3CO 
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3.  K  flexible  connection  la  provided  between  the  inner  and  outer  axle 
*hef ta  of  a  front  driving         »T  th#  -   • 


4.  Diffaraacaa 

*/  tna 


in  apaad  of  ro^ioo  of  w 


wheels  in  turn*  ia  provided 


*5 .    ■  Torque  ia  transmitted  f  ron  tha  dif f arantinl  gear  to  tha  wheels  by 


*ha 


6.  Gaar  reduction  tikes  place  in  a  tingle  reduction  axle  between  the 
 gaar  and  the,  *        gaar.  -J 


7.  To  obtain  a  larger  gear  reduction  and  keep  the  ring  tfear  and  ita 

houaing  relatively  samll,  a  1_  driving-^ 

axle  ia  uaed. 

8.  Typea  of  azlea: 

a.  _ ________ 

b.  •  •  /  '""  "   /  ■ 


V 


CONSTANT  VELOCITY  U -JOINTS 


Figure  1: 
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Vehicle  Maintenance  Branch  -3ABR47330-SG-505 
Chanute  A?B ,  Illinois 

.  «  AUTOMATIC  TRANSMISSIONS  4  . 

OBJECTIVES  f  , 

tftsr  computing  this  unit  of  Instruct  ion,  you  will  understand  the 
constructional  features,  operating  principles,  and  troubleshooting  procedures 
vf  fluid  couplers,  torque  converters  and  automatic, transmissions.  Tou 
vill  elao  gain  a  general  knowledge  of  adjustment*  required  on  automatic 

transmissions. 

INTRODUCTION  * 

A  transmission  Is  a  variable  fulcrum  that  gives  the  internal  combustion 
engine  greater  flexibility  of  performance  and  application.    The  transmission 
can  multiply  the  engine  output  torque  many  times.    Without  a7  transmission 
the  internal  combustion  engine  would  stall  out  unless,  of  course,  the  > 
engine  size  is  out  of  proportion  to  the  work  it  is  doing.  ■ From  a  previous 
lesson  you  learned  that  the  purpose  of  any  transmission  was  to  provide 
different  gear  ratios  and  a  reversing  capability  through  the  use  of  different 
gear  arrangements.    As  you  know,  a  standard  transmission  requires  manual 
shifting  of  the  gears  to  provide  the  different  forward  speeds  and  reverse 
capability.    In  the  automatic  transmission,  the  gears  are  never  shifted, 
and  yet  the  automatic  transmission  will  provide  these  sf£e  things. 

INFORMATION 

For  more  information  of  automatic  transmissions,  carefully  read  the 
information  in  Programmed  Text  3ABR47330-PT-505,  and  study  its  diagrams 
and  illustrations.    This  instructional  material  is  relevant  to  the  construc- 
tion, operating  principles,  service,  maintenance,  adjustment,  and  troubleahoot 
mg  of  automatic  transmissions,  torque  convertors  and  fluid  couplings. 
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HYDRAULIC  HOISTS  AMD  'CONTROLS  Of  DUMP  TRUCKS 


OBJECTIVE 

After  completing  this  unit  of  instruction  you  will  undaretand  the 
purpcae,  construction,  and  opsrsting  priaciplss  of  hydraulic  hoisting 
mchminm,  tchsnicsJ  control'  systems  sad  Be  able  to  remove,  inspect, 
repair  or  rsplacs,  lad  adjust  components  of  s  dump  truck. 

INTRODUCTION 

Ths  duap  truck,  ss  shown  in  figure  1,  is  used  to  transport  end  duap 
tutorials  such  aa:    stone,  sand,  gravel,  and  dirt.    It  any  also  ba  used 
co  transport  general  cargo. 


*  4 


(/~  Figure  1.    Typical  Commercial  Design  Duap  Truck. 

* 

INFORMATION 

DUMP  TRUCK  CONSTRUCTION  AND  OPERATION 

'  .    .  ,.."-■■* 
There  are  several  sizes  and  makes  -of  duap  trucks however ,  the  con- 
struction and  operation  i.  basically  the  sane.    The  body^ia  aade  of  steel 
and  ia  raised  by  a  hydraulic  system.    This  system  is  controlled  by  the 
driver  of  the  vehicle  through  rode  and  levera.   .The  duap  body  ia  hinged 


39* 


* 


at  thm  roar  and  la  .aqulppad  with  a  hiaftd  tall  gat      Tha  tallgata  aay  ba 
opaaad  ttm  althar  tha  top  or  bbttoa,  aa  ftbown  la  figaraa  2t  and  3*  alloaiat 
It  to  ba  utlllaad  althar  aa  a  earfo  or  duaf>  truck. 


\ 


Flgurs  2.    Duaq>  Truck  in  Din?  Poaltloo. 


Flgurt  1.    Duap  Truck  -  Bod  Gata  Down. 

ERIC 


3>3f 

£iap  Body  Operation 

Th«  dam*  body  is  usually  controlled  by  *  Uvtr,  or  levers,  in  the 
operator's  cab.   The  first  stop  U  to  power  the  hydraulic  pus*.   Tin  p«v 
racolvos  itf  fni  tha  powsr  tshsoff.   Once  the  PTO  It^mrt  tfli 

dump  body  may  bo  raised  by  putting  the  lever  in  the  "OP"  position.  At 
any  point  when  it  U  determined  that  tho  body  is  raised  high  enough  tho 
levar  can  bo  placed  In  tho  "BOLD"  position.    This  will  hold  tho  dust  body 
it  choc  position  until  tho  lever  is  stain  smd,    To  lower  tho  bod  tho 
lever  is  placsd  la  tho  "DOWN**  position.  .  Tho  speed  in  which  tho  bad  Is 
raised  or  lowarsd  is  determined  by  how  fsr  tho  lever  lo  placsd  in  tho 
"UP"  or  "DOWN**  positions  Tho  tallgats  is  oponod  st  tho  bottom  by  a  lovar 
located  on  tha  front  of  tho  dump  body  as  shown  in  flgurs  4.    Tho  amount 
is  is  allowed  to  open  is  controlled  by  an  adjustable  chain  on  tha  tallgats. 
Tha  tcp  say  be  opened  by  removing  the  pivot  pins  from  tho  top  of  the  tsllgsts. 


s  1 


Figure  4.  .End  Gate  Latch  Being  Released. 

Hydraulic  Hoistings  Syatem  Components  \ 

On  sll  hydraulic  systsas  certain  components  are  necessary.  Theee 
conponenta  say  vary  on  different  ay • tees  as  to  thslr  amount;  slzs,  design, 
etc.    In  other  words,  the  aathod  of  transforming  power  Into  fluid  pressure 
ever  certain  distance  say  vary  on  different  hydraulic  systsas.  Vhsrs 
one  system  say  depend  on  sa  ordinary  head  pump  to  accomplish  this,  smother 
i^ey  .use  the  hydraulic  pump  driven  from  an  external  source  r«  such  as  used 
)oa  the  dump  truck.    Another  variation  of  the  systems  say  bs  «ths*  amount 
oj  units  thst  ths  hydraulic  systsm  is  required  to  operate.    The  major  coapor 
neats  oi  the  hydraulic  system  of  the  dump  truck  consist  of  the  pump*  pressure 
relief  valve,  control  valve,  holat  cylinder,  reservoir*  and  hydraulic 
lines  end  fittings. 


The  hydraulic  pump,  shown  in  -figure  5,  is  of  the  positive-displacement 
gear  type.   The  pump  it  bolted  to  tha  truck  (rai  and  is  driven  by  the 
PTO  through  a  shaft  shown  at  the  lower  right  of  tha  figura. 

Prasaura  Raliaf  Valve 

Tha  purpoae  of  cha  pressure  raliaf  valve  ia  to  relieve  the  pup  of 
excessive  hydraulic  pressures  which  could  result  in  blown  seals  or  ruptured 
hoses.    You  will  find  in  most  casea  that  this  valve  is  of  tha  spring- 
loaded  spool  type.    This  valve  nay  be  adjusted  by  lncraaalng  or  decreasing 
tha  spring  tension.    The  valve  is  located  within  the  pump  body. 

Control  Valve 

Movement  of  the  control  valve  determines  the  raising,  lowering,  or 
holding  position  of  the  duap  body.    This  valve  is  either  of  the  spool  - 
or  spool  type  and  is  actuated  through  linkage  by  the  vehicle  operator 
from  within  the  cab.  Depending  on  the  valve's  position  it  will  sither 
route  the  fluid  to  the  elevating  aide  of  tha  cylinder  to  raise  the  body, 
or  It  will  allow  the  fluid  to  drain  or  return  from  the  cylinder  to  lower 
the  body.    Also,  the  valve  may  be  positioned  so  that  the  dump  body  can 
be  held  in  any  desired  position.    The  valve  Is  sn  Integral  part  of  the 
pump.    (Figures  7,  8,  and  9,  which  appear  at  tha  and  of  this  study  guide, 
illuatrate  .the  various  valve  positions.) 

'  r 


Figure  5.    Typical  Dump  Truck  Hydraulic  Pump. 

20 


I"  1st  Cylinder 

Th*  hoist  cylinder  Is  used  to  raise  sad  lower  ths  dump  body  efficiently 
and  aaoothly. 

oINCLfi^ACTION  CYLINDERS .  Fluid  undar  preaaure  antars  the  cylinder 
ana  forces  the  push  rod  up.  The  puah  rod  ia  lowered  by  gravity  and  the 
fluid  ia  bled  off  back  into  the  reservoir. 

DOUBLE-ACTION.    Fluid  under  preaaure  forces  the  push  rod  up  and  down. 
This  type  cylinder  allows 'the  dump  body  to  reach  a  near  vertical  poaition. 
In  chia  case  preaaure  may  be  required  to  start  the  dump  body  down,  however, 
gravity  should  be  allowed  to  finiah  the  lowering  of  the  dump  body. 

TELESCOPIC  CYLINDER.    This  cylinder  ia  used  to  extend  the  puah  rod 
^»re  than  twice  the  length  of  the  cylinder.    It  works  on  the  principle 
of  a  teleacope.    This  type  has  a  puah  rod  within  a  puah  rod  and  will  raise 
nearly  three  tinea  the  length  of  the  cylinder. 

Hydraulic  Lines  and  Fittings 

'  Theae  lines  (hoses),  shown  in  figure  5,  are  used  to  deliver  fluid 
frc-i    the  control  valve  to  the  cylinder  and  back  again.    They  may  both 
be  high  pressure  lines  or  one  may  be  a  low  pressure  line.-  If  botn  are 
used  they  can  be  identified  by  a  difference  in  diameter.    The  high  pressure 
is  normally  smaller  than  the  low  pressure. 

Reservoir 

The  reservoir  is  normally  located  inelde  the  cylinder.    The  fluid 
is  pumped  from  the  top  of  the  cylinder,  and  delivered  under  pressure  to 
the  bottom  of  the.  cylinder.     In  some  applications,  the  reservoir  may  be 
a  separate 'tank. 

Inspection  and  Repair  of  Dump  Truck  Units  > 

One  of  the  most  common  failures  of  the  hydraulic  system  used  on  the 
dump  truck  is  the  complete  loaa  of  pressure  or  low  pressure.    Any  signs 
of  leakage  should  be  corrected  immediately.  This  includes  the  installation 
of  new  gaskets,  adjusting  pscking,  or  tightening  of  nuts  and  boles.  All 
linkage  should  be  inpected  for  tightness  and  any  points  of  wear,  such 
as  clevises  and  pins  should  be  replaced.    The  control  valve  should  be 
checked  for  operation.    It  should  work  freely  in  all  poaitions.    The  valve 
(provided  it  is  =he  spring-loaded  type)  should  snap  back  to  neutral  as 
it  is  released.    The  hoist  cylinder  rsm  should  be  smooth  and  free  from 
rust.    A  fine  film  of  hydraulic  fluid  on  the  ram  indicates  a  properly 
adjusted  packing -gland. 

removal  of  Units  From  Dump  Truck 

When  it  is  necessary  to  remove  components  of  the  hydraulic  system 
of  the  dump  truck,  the  dump  body  should  be  raised  and  properly  blocked 
to  prevent  it  from  falling  and  injuring  personnel  working  oh  the  vehicle. 

■     ■  ••  3V'i 
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DISCONNECTING  LIMES.  Keep  suitable  containers  handy  t©  catch' the 
hydraulic  fluid  when  lines  are  disconnected.  Use  the  proper  tools  for 
disconnecting  lines  so  that  fittings  will  not  be  damaged. 

Note;    The  fittings  and  end  of  lines  should  be  taped  to  protect  fittings 
and  prevent  dirt  from  entering  lines.    Any  dirt  or  foreign  material 
may  be  very  damaging  to  any  hydraulic  system. 

REMOVING  THE  LIFT  CYLINDER.    Whenever  It  Is  necessary  to  remove  the 
lift  cylinder,  an  overhead  crane  or  other  suitable  lifting  device  must 
be  used  to  ease  the  task  of  handling  the  cylinder. 

REMOVING  THE  HYDRAULIC  PUMP.    The  pump  is  generally  bolted  to  the 
frame.    Mounting  boles,  propeller  shaft,  linkage  and  lines  must  be  removed 
In  order  to  remove  the  pump  from  the  truck. 

REMOVAL  OF  THE  CONTROL  VALVE.    This  requires  only  the  removal  of 
linkage,    lines,  and  mounting  bolts  to  remove  It  from  the  vehicle. 

/ 

Replacement  of  Units  /~ 

Replacing  the  units  of  the  hydraulic  system  is  simply  a  reversal 
of  procedures  used  when  removing  them. 

Tests  of  Units 

When  units  have  been  replaced  it  will  be  necessary  to  refill  the 
reservoir  or  cylinder  with  the  specified  type  of  fluid.    Make  sure  that 
no  lines  are  left  loose  that  will  develop  leaks  under  pressure.  When 
units  have  been  replaced  and  all  necessary  items  checked,  start  the  vehicle 
and  check  the  operation.     Adjust  the  linkage  on  the  power  takeoff  and 
the  control  valve. 

Servicing  Hydraulic  System  Components 

The  hydraulic  system  of  the  dump  truck  is  subject  to  leaking  after 
*an  extended  period  of  use.     It  is  necessary  that  all  lines,  fittings, 
and  gaskets  be  kept  tightened  or  replaced  (they  cannot  be  repaired).  Also, 
other  servicing  is  required  from  time  to  time  to  keep  the  system  an  top 
operating  condition. 

LIFT  CYLINDER.    The  lift  cylinder  is  equipped  with  an  adjustable 
packing  gland  that  may  require  tightening.    A'  properly  tightened  packing 
gland  will  not  leak  but  does  leave  a  film  of  fluid  on  the  piston  rod. 
Periodically,4 an' inspection  should  be  made  to  determine|  the  specified 
fluid  level  of  the  reservoir  or  cyllnde-.    It  is  necessary  to  add  clean 
hydraulic  fluid  as  required.    Ths  type  Qf  hydraulic  fluid  to  be  used  is 
listed,  in  the  publication  applicable  to  equipment  in  use. 

Caution:    Overtightening  of  the  packing  will  score  the  rod  and  leave 
it  dry  and  subject  to  rusting  1 

LINKAGE.    The  mechanical  cpntrol  linkage  may  require  servicing  or 
adjusting  after  an  extended  period  of  use.     The  adjttetjment  may  be  required 
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co  compensate  for  w««r  and  pots  ibis  beading  of  linkage.*  The  adjustment 

is  msde  by  "trial  and/arror."    This  mms  that  tba  linkage  is  chaagsd 

sad  checked  repeatedly  until  the  desired  action  Is  achieved  in  all  positions 

of  the  control  lever.  x 

END  'GATE  CONTROL.    The  end  gste  (tsilgste)  of  the  dump  truck  is  held 
closed  at  the  top  by  pins,  end  by  lstchss  st  ths  bo t toe  figure  6.  The 
lacches  are  controlled  by  a  mechanical  lever,  figure  4,  located  at  the 
front  of  the  dump  body.    The  lever  Connects  the  lstchss  through  sachsnlcsl 
linkage.    The  linkege  nsy  require  periodic  servicing  and  adjustment  as 
the  need  arises. 

Note:    For  additional  information  concerning  the  servicing  of  this 
type  of  Air' Force  equipment,  it  is  suggested  thst  reference  be  vnde  to 
the  applicable  publications. 


*  n 

Figure  6.    Typical  End  Gate  in  £he  Latched  Position. 


Safety  Precatuions.  .  . 

It  is  recommended  thst  maintenance  personnel  observe  sll  applicable 
safety  precautions  very  closely  when  working  on  this  type  of  equipment. 
The  few  additional  minutes  used  to  sake  sure  thst  hesvy  psrts  will  not 
slip  or  fell  when  parts  are  removed  may  keep  personnel  from  serious  injury 
and  prevent  costly  damage  to  equipment.    A  few  safety  precautions  that 
should  always  be  observed  when  working  on  this  type  of  equipment  are  as 
follows :  ( 

Maintenance  personnel  should  always  make  sure  that  the  Hump  body  of 
the  dump  truck  is  care.ully  blocked  after  it  has  been  raised  for  the  purpose 

•  ,    37£  .  .    :  ■ 


of  making  repairs  to  anj  unit  attached  on  the  underside  of  the  vehicle. 
NEVER  WORK  UNDER  A  RAISED  DUMP  BED  UNLESS  IT  IS  PROPERLY  BLOCKED. 


Care  should  be  exercised  not  to  get  hydraulic  fluid  or  oil  in  the 


eyes, 


Always  wipe  up  any  spilled  hydraulic  fluid  from  the  floor  or  vehicle 
to  prevent  slipping  and  falling.    This  should  be  done  immediately  after 
it  has  been  spilled. 

It  is  often  necessary  to  use  a  hoist  or  other  suitable  lifitng  device 
when  removing  or  handling  heavy  components  on  this  type  of  equipment. 
The  components  should  be  carefully  supported  before  being  disconnected. 

Exercise  care  when  working  with  another  mechanic.    Always  check  to 
see  what  vehicle  units  Have  been  loosened  by  other  maintenance  personnel 
before  any  attempt  is  made  to  remove  such  units  as  mounting  bolts,  etc. 

Note:    Remember!    No  attempt  should  be  made  to  get  under  any  unit  that 
is  ready  for  removal. 

QUESTIONS 

1.  Where  is  the  hydraulic  fluid  stored? 

2.  What  indicates  a  properly  adjusted  packing  gland? 

3.  How  does  the  control  valve  regulate  the  motion  of  the  dump  bed? 
Why  does  the  end  gate  of  a  dump  truck  dp>n  at  the  bottom  as*  well  as 


-  4. 
the  top? 


6. 

needed? 
7.. 
8. 
9\ 
10. 


-1 

truck 


How  is  the  hydraulic  pump  on  the  dump  truCk  driven? 
How  would  hydraulic  pressure  be  increased  if  more 'pressure  were 

What  could  happen  if  the  packing  gland  was  adjusted  too  tightly?* 
How  can  the  speed  at  which  the  cylinder  operates  be  regulated? 

y 

What  determines  how  wide  the  tailgate  opens? 

H 

What  type  of  cylinders «are  used  on  dump  trucks? 


Note:  If  you  have  difficulty  answering' these  questions  then  by  all 
means  go  back  and  review  the  material  that  you  are  weak  on. 
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DUMP  BODY 


HOID 
DOWN  UP 


Figure  8.    Typical  Dump  Truck  Hydraulic  Control  System  in  the  "HOtD"  Position, 
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Figure  7, 


.Typical  Dump  Truck  Hydraulic  Control  System  in  the  "UP"  Position. 
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Figure  9.    Typical  Dump  Truck  Hydraulic  Control  System  in  the  "DOWN"  Position. 
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OBJECTIVES 


After  completing  this  programmed  text  you  will  be  able  to  Accomplish  the 
following  objectives  with  80%  accuracy. 

1.  Given  a  lilt  of  statements  concerning  a  standard  transmission, 
•elect  those  that  best  describe: 

a.  The  purpose  of  the  standard  transmission. 

b.  The  operating  principles  of  the  standard  transmission. 

2.  Given  a  list  of  transmission  units  and  a  list  of  their  purposes, 
match  the  unit  to  its  purpose. 

VALIDATION 

This  programmed  text  was  validated  on  30  students  enrolled  in  the 
3ABR47330  Course  at  Chanute  AFB  and  has  been  in  continuous  use  since 

that  time. 

INSTRUCTIONS 

..  \ 

This  program  presents  information  in  small  steps.    Each  page  or 
"frame"  contains  an  information  panel  that  is  identified  by  a  book  symbol. 
In  addition,  each  page  generally  contains  a  question  or  two  pertaining  to 
information  contained  in  the  last  informational  panel.    Read  the  information 
presented  within  the  solid-line  box.    Read  the  questioning  state/nent.  Select 
the  correct  statement  in  response  to  the  question  asked  in  the  question-mark 
outlined  box  and  make  your  response  after  the  appropriate  question  number 
on  the  answer  sheet  provided.    Make  no  marks  in  this  program.    The  small 
step  size  of  the  information  panels  makes  selection  of  the  correct  response 
an  easy  matter,  and  in  most  cases  you  won't  have  to  be  told  the  correct 
answer.   However,  if  you  don't  know  what  the  correct  answer  is,  it  (the 
answer)  will  be  found  in  the  box  at  the  top  of  the  next  page.    We  hope  that, 
you  see  the  light  and  answer  correctly  before  referring  to  the  answer  box. 
That  is  why  the  sun- burst  system  (seeing  the  light)  is  used  to  identify  answer 
panels  in  this  program. 
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A  Tohicle  ii  reared  to  operate  under  any  dlff Imt  type*  of  rood 
conditione,  ouch  to  rough  hilly  ground,  and,  or  smooth  surf  acts.  It 
will  reqeire  aero  power  to  go  op  o  tdll  than  to  ran  en  o  level  rood. 

to  uood  to  Tory  the  amount  of  pooor  deliver* 


od  ot  different  timee. 


nroooa  nf  torque  mj  bo  000000017  for  o  Tohlolo  to  pall  op  o 
hill,   it  007  bo  toot  when  tho  tranenleeion  it  in  LOT  goor  thoro  to  * 
goor  rodootion  of  12*1  from  tho  engine  to  tho  propeller  ohoft.  Thie 
■oono  thot  tho  crankshaft  of  tho  engine  mot  torn  over  12  tlaw  to 
torn  tho  propollor  ohoft  cneo.   If  tho  mm  vehicle  000  on  o  ooooth 
rood,  tho  goor  rodootion  ii  not  noodod  and  tho  trononioolon  may  bo  in 
diroct  drlTo  with  o  1:1  goor  rotio.   Thio  ooono  thot  tho  crankshaft 
of  tho  onglno  onot  torn  oror  only  one  tine  In  ordor  to  torn  tho  pro- 
pollor ohoft  onco.   Tho  tranamiesiom  aloo  providee  o  ooono  for  booking 
tho  vehicle.    Thoro  io  0  nood  for  many  goor  rotioo  in  0  vehicle >and 
tho  tronondooion  io  tho  onit  thot  provide*  tho  oporotor  with  o  selec- 
tion  of  goor  rotioo  and  reverse  diroction  between  tho  onglno  and  tho 


QUESTION  1.  ^ 

????????????? -TT???????????????!?????? 
?  What  io  tho  purpooo  of  the  standard  transmission?  ? 
?  a.  To  engage  and  disengage  tho  onglno  from  tho. roar  wheels. '  ? 
?  b.  T*»  permit  the  onglno  to  develop  full  torque.  ? 
?  c.  To  provide  tho  operator  with  a  selection  of  gear  ratios.  ? 
?  d*  To  provide  equal  torque  distribution  to  both  driving  wheels.  *? 
??????  ?'?r???????????????????????????? 
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standard  transmission  operates  on  tha  principle  of  gear  ratio, 
which  is  usually  defined  is  .the  relative  speed  of  rotation  bstasan 
two  aeahing  gears.'   Tha  ratio  is  datarsdaad  by  tha  naaber  of  taath  on 
the  gears,   for  eonasple,  two  washing  |aara  baring  tha  saaa  nasber  of 
taath  aill  both  tarn  at  tha  aaae  speed,   tha  transaission  provide* 
a  aaans  of  chancing  tha  gear  ratio. 


? 


QUESTIONS  12  and  3. 

?  ?  ??????????????????  n  ?  ?  ???????  ??t  ??  ? 

?     2.   What  is  tha  operating  principle  of  a  standard  transaission?  7 

?  a.    friction.  V  ? 

b.  Gear  ratio.  ? 

c.  Transfer  of  motion  by  liquids. 

?  d.    Centrifugal  force. 

I  ? 
7     3.   what  unit  on  the  vehicle  proridee  tha  operator  with  a  selection 
?  of  gear  ratios  and  reverse  direction  between  tha  angina  and  the  ? 

*  -  rear  teasels? 

?  a.    Propeller  shaft. 

b.  Engine-  7 

c.  Rear  ascle.  ? 

d.  Transaission. 


? 


? 

????????????  ???????  ?????????????????? 


Fran*  3* 


Answers  to  previous  questions:    2.    "b",        3.  ttd<*. 


Host  standard  tqagd— icai  have  an  anglna-to-drive  abaft  ratio 
of  about  3  to  1  in 'FIRST  gaar.   That  la  to  eay,  tha  angina  crankshaft 
will  ton  thraa  tljaaa  wblla  tha  drive  ajjaft  torna  only  onea..  Thla 
angina-to-drive  abaft  ratio  will  prodaoa  Mali  angina  torpua  and  low 
vehicle  apaad. 

Shifting  tha  transmission  into  SBCOaTD  gear  generally  raaulta  in  a 
2  to  1  engine-to-diu\ve  ahaft  ratio.   A  nil  ir  faar  la  used  to  In- 
craaaa  tha  apaad  of  tha  driva  ahaft  but  thla  alao  decreases  tha 
torque  delivered. 

TtuMu  gaar  la  oeeantlally  a  1  to  1  englne-to-drlve  ahaft  gaar  ratio, 
that  la  to  aay  that  for  aaoh  angina  revolution  tha  drive  ahaft  will 
alao  turn  onav  ravolution. . 

In  aaoh  of  tha  changes  in  gaar  ratio,  apaad  la  lnoraaaad  aa  tha 
driva  aha/t  revolutions  approachad  that  of  tha  angina  crankahaft. 
These  changaa'  In  gaar  ratio  ara  daalrabla  once  the  vehicle  la  in 
notion,    tha  ability  of  tha  angina  to  produce  tha  necessary  torque 


to  novo  a  vehicle  fron  raat  la  decreased  as  tha  engine -to -drive  ahaft 
ratio  1*  dacraaaad. 

Torque  la  a  twitting  effort  or  "that  force  which  produces  or  tends 
to  produce  rotation.1*    If  gears  ara  arranged  to  increase  torque,  speed 
ia  decreased  but  if  they  ara  arranged  to  lncraasa  speed,  torque  is  da- 
craaaad. 


QUESTION  U. 

????????????????????????????????????? 

?  What  la  the  result  in  a  transmission  whan  a  anal}  gear  on  &e  input  7 
_  shaft  drives  a  large  gaar  on  the  output  ahaft? 

*                                        '■  ? 
a.    Speed  la  increased,  and  torque  is  dacraaaad. 

_^b.    Speed  la  dacraaaad  and  torque  is  increased.  ? 

?        c.    Speed  and  torque  are  decreased.     \  ? 

?       d.   .Speed  and  torque  Are  increased.  '  %  * 

t  ????  f  ???????  7  7  7  ??  7  ??????  7  ??????????  ? 


«b»  *•  th.  cornet  mmme  to  th.  prwlow 


to  the  propallar  abaft 


i 


\ 


HIGHS   5  (through  7 

5.  Whit  ia  tha  piirpoaa  of  tto  trMliii*  ^ 

t.   Provldo  tha  aalaction  of  dlffarant  mr  ntto., 
o.  ^d.awrtb.t^th.-.ii"-^ 

c.  Houaa  tha  dlffaratttial  faara. 

d.  How  tha  tranaadaaiott  |Wi  and  ahafta. 

6.  What  unit  ia  uaad  to  tranaadt  torqua  from  tha  angina  to  tha" 
tranaadaaicn? 

«.   Input  abaft, 
b.    Output  abaft. 
-  c.    Intanwdiata  propallar  abaft. 

d.   P.T.O.  driva  abaft. 
7    What  unit  1.  uaad  to  tr«a-tt  torqua  fro^th.  tran-daaion  to  4h« 
propallar  abaft? 

a.  Input  abaft. 

b.  Output  abaft. 

c.  Intamadiata  propallar  abaft. 

d.  P.T.O. 'drira  abaft. 


•  >  c  > 
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Fraoe  $. 


■0 

• 

* 

rs  to  preric 

1          .  r 
e 

as  questions*   $.  d, 

6.  a, 

7.  b. 

0 

in  the  standard 
floor,  it  is 
tho  lerer  is 
mores  tho  gears 


 provides  a  wni  of  changing  tho  gear  ratios 

transmission.   If  ths  shift  control  is  mounted  on  tho 
_  oomected,  as  shorn  in  tho  figure  below.  When 
,  tho  shlftix*  forks  are  moved,   this,  In  torn. 


SHZ7TIVG  FCWC 


tiow  &r 


?  ?  7  7  7  ?  7  ?  ?  ?  ?  ?  ?  ?  ?  7  H  '  ^  H  ?  ?  ?  ?  ?  ?  ?  ?  H  ?v?  ?  ? 

»  *         .    .  . 

What  is  tho  purpose  of  tho  shifter  mocha ni am?  x 

a.  Transmits  power  from  tho  shift  lover  to  tho  main  shaft. 

b.  /Allows  for  difforont  gear  ratios. 

e.  ^Automatically  shifts  power  from  tho  input  shaft  to  tho  main 
shaft  in  tho  transmission.'  /  . 

7       d.    Provides  A  noons  of  changing  geeV  ratios.  \ 
77777777?  7  ?7  7'?  7'  ?  7  ?  T  7  ?  f  7  7  t  ?  ?  ?  7  7  7  M  T  7  7  ? 


Answer  to  previous  question:    8.  d." 


V 


9.  Transmission  Case. 

10.  Input  Shaft. 

11.  ;Cutputf  Shaft. 

12.  Shifter  Mechanism. 


*QJ£STXCW3   9  through  12. .  • 

?„???■??  1,1  ?  ?  ?V2*V  ?''????????????????,??        *  ?  1 

?     Hatch  the  units  on  tfca  Ifft  vith  their  pnrpo—  u  given  on  th*  ? 

'-  right*  . 

? 
? 
? 
? 
? 

9 
? 


a.  Transmit  power  from  theceogine 
to  the  transmission.  ? 

b.  .  Rouse  the  transmission  'gears  ? 

and  shafts.  '  *  *  * 

,         ,/  1 
e.   Provide  a  means  of  changing 

gear  ratio.  .   .  ^ 

* 

d.   Transmit  .power  from  the  trans-*/? 
mission  to  the  propeller  shaft. 


?????,???????????????????????????;????? 


NOTE:    If  you  have  *ny  difficulty  in  matching  the  above  items  to  their 
purposes  you  should  go  back  through  the  material ,  again. 
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OBJECTIVES 


When  you  have  completed  this  text,  you  will  be  able  to.  accomplish  the  following 
objectives  to  85Z  accuracy:  trowing 

♦  *  ■  . 

h**t  liat  °f  statements  concerning  clutches,  select  those  chat 

oeac  describe  Its  purpose* 


2.      Given  a  list  of  statements  concerning  clutch  elements,  select  the 
statements  that  list  the  principle  parts  of  a  clutch. 

'* 

t  *  t 

tU^h.^T  L1±3t  0fJ8t"eBe,lts  concerning  the  types  of  clutches,  select 
those  that  describe  the  single-place  clutch,  the  double-plate  clutch,  and 
the  multiple-disc  clutch.  - 

*  ■  • 

4.      Given  a  lis>  of  clutch  elements  and  a  list  of  clutch  element 
functions,  match  the  correct  functions  each  clutch  element. 


INSTRUCTIONS   '  ' 

This  lesson  presents  information  in  small  steps.    Each. page  or  ilframe"  * 
contains  an  information  panel  and/or  questions  pertaining  to  information 
contained  in  the  panel.    Read  the  information  presented ,  then  select,  the/ 
correct  statement  in  response  to  the  question  asked. 

After  you  .have  selected  an  answer  to  a  question  and  you  have  recorded  that 
answer  In  the  booklet,  you  may  check  the  accuracy  of  your  selection  by  turning 
to  t>e  last  frame  of  this,  program  (Confirmation  Frame). 

There  is  no  time  limit  on  this  lesson.    TAKE  YOUR  TIME.    You  may  now  proceed 
to  Frame  1  and  begin. 


-  » 


\ 
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CLUTCH  PRINCIPLES 

K     .t'  >■ 


"35 ' 


%      '    0  '  %  z  N  ......  w .   • .. ..        — ^  .. 

*  •  The  purpose  of  a  clutch  in  an  automotive  vehicle  is  to  provide  a  means 
of  connecting  and  disconnecting  the'  engine  and  transmission*    Tne  engine  and  v 
transmission  oust  be  connected  to  transmit  power  from  tne-  Engine  to  the  trans-?- 
mission.    T£e  mechanisms  of  the  clutch  allows,  this  connection  -to  be  made 
gradually  fir  smooth  -  starts .    The  engine  and  transmission  must  be;  disconnected 
from  each  other  in  order  to  shift  the  transmission  to  various'  gears  without 
stopping  the  vehicle.         -       *  € 


\ 

v 


QUESTION  i. 

What  Is  the  purpose  of  an  automotive  clutch? 

■  >  • 

-a.      To  connect  and  disconnect  the  transmission  from  the 

differential.  •  v  -  1 

•  '  .  .  i  ■ 

b.      To  connect  and  disconnect  the  engine  from  the  differential.,  - 

h       c.      To  connect  and  disconnect  the  transmission  from  the  rear 
driving  axle. 

d.      To  connect  and  disconnect  the  engine  from  the  transmission. 


To  put  a  vehicle  In  motion  from  a  (lead  stop,  engine  torque-^  twisting 
forde)  must  be  developed  (by  "reving"  up  the  engine)  with  the  engine  and  trans- 
mission disconnected  from  each  other.    Without  the  use  of  the  clutch  this  could 
not  be  done.    The  mechanisms  of  the  clutch  allow  the  connection  to  be  made 
gradually  and  smoothly  to  avoid  excessive  shock  loads  to  the  vehicfe 
drive  train.  *  \  tk 


QUESTION  2. 


I*. 


fjf1?"  Pr;vi^ln«  *  of.  coveting  and  diaconnecting  the>  angina  .  % 

from  the  tranamlesion,  the  clutch  must  also  provide  a  means  of  8 

V      '  « 

a.  devaloping  engine  •  torque  with  tha  vehicle  standing  stiU  and 
the  transmission  in  gear. 

b.  smoothly  applying  engine  torqua  to  the  rest  of  the  drive  train 
t.   .  both *a.  and  t>.  above.  • 

d.    *  neither*  a ,  nor'b. 


•v  ~   

"•J    An  automotive  clutch  rs  usually  located  directly  Jbehind  tha  engine.  It 

will  always  be  located  at  some  point  in  the  power  £rain  between  the  engine 

and  transmission.  - 


* 


QUESTION  3.  *  , 

'  Y  V  *       3  *  '  •  *  • 

Fill  in , the  blank  space  with  the  correct  answer. 

The  automotive  clutch  is  always  located  bejtween  thev(a) 

and  the  (b)  *• 

*  —   ■  ■  a 


,      All  automotive  clutches  depend  on  friction  for  their  operirion,  either 
solid  friction  as  in  the  conventional  clutch,  or  fluid  friction  as  used  in  the 
-  clutching  mechanisms  of  automatic  transmissions.    The  remainder  of  this  lesson 
will  be  concerned  with  conventional- clutches.  V 


QUESTION  4  ""  .     .  '  ,4.-\    */  ^ 

«  r 

On  what  does  *  conventional  clutch  depend  for  operation? 

a.  Solid  friction.  '  '  '-  •    "  "  .         —  * 

*  •.    '     -  s  '  • 

b.  ^Fluid  friction.  . 
c      Inertia.  " 


Conventional  clutches  are  devidtd  Into  two  different  typee  of  components 
or  members  -  Drive  Members  ajU  Driven  Members.  *  " 

.  -*  ''  ' 

Drive  members  are  those  which  ire  connected  to  the  engine.  Driven 
members  are  those  which  are  connected  to  the  transmission.    The  majority  of  general 
purpose  vehicle  clutches  utilize  two  drive  members  and  one  driven  member. 

Power  is  transferred from  the  engine  to  the  transmission  through  the 
clutch  by  bringing  the  driving  members  into  gradual  contact  with  the  driven'  • 
member.  f  r  - 


I 


QUESTION  5  through  8.  * 

\  .    ,     •      ^  r 

Fill  in  the  blank  spaces  with  the  correct  answer.  <  ' 

5.     The  (a)  j  ;      ^and  the  (b)*  <fcre  th«  two  types  of 

members  used  in  conventional  clutches,     ~l  £ 


6.      Drive  members  Yre  those  whi<*h  are  connected  to  the 


7.  i 


'transmission! 


members  are  those  which  are  connected  to  the 


8/     Power  is- transferred  ^from  the  engine  to  the  transmission  through 
the  use  of  a 


r 


*  Tht jjrivwi  member  of  the  conventional  clutch  is  a  disc  with  .  huh  x-'-k. 

;  center  which  is  splined  to  the  iran.miaSion  input  .haJt 7 but^a  f^l^ild! 
lengthviae  along  the  .haft.  .  It  ia  called  the  clutch  diafc!"  Whin  t£  el*S  •* 
diac  ia  driven  or  turned,  it  drive,  the  tranamiHiSr  in^t  ahSt.  - 


INPUT.  SHAFT 


FRONT  VIEW    .    .  SIDE  VIEW 
CLUTCH  DISK  . 


L-  TRANSMISSION 


QUESTION  9. 

•   •*  Fill-  in  the  blank  Spaces  with  the  correct  answers. 

The  driven  member  of  the  conventional-  cliftch  Is  called  the  (a) 
 and.  it  is  splined  to  the  (b)  .  ■     ,'  .  • 


One  of  the  drive  members  is-  the  engine  flywheel.    When  the  driven 
member  (clutch  disc)f  is  bought  into  contact  with  the    lywheel,  the  friction 
between  the  two  causes  the  clutch  disc  to  rotate  i*  the  same  direction  as  the 
flywheel.    The  rotation  of  the  disc  consequently  rotates  the  input  shaft  of  th< 
transmission  to  which *it  is  splined.  f 


ENGINE  FLY  WHEEl: 
CWJTCH  DISC 


ERIC 


qpESTTON  \0, 


The  principle  which  enables  the  dutch  to 
toe.  to  the  transmission  is 

a.  power. 

♦ 

b .  torque . 

c.  friction. 


transmit y power  t rem  the 


pressure 


 ■  

The  second  drive  member  is  celled  *  pressure  piste .    The,  pressure  plate 
is  bolted  to  the  flywheel  and  therefore  turns  with  the  flywheel  whenever  the  engin 
is  running.    It  is  the  pressure  plete  which  forces  the  clutch, disc  to  contact 
the  flywheel  when  the  engine  and  transmission  are  connected*    When  the  engine 
and  transmission  are  connected,  we  say  the' clutch  la  engaged . 


ENGINE  FLY  WHEEL 
-CLUTCH  DISC 
PRESSURE  PLATE 
CLUTCH  HOUSING 


QUESTION  11  and  12 . 

Fill  in  the  blank  space  with  the  correct  answer. 

ll.    The  two  drive  members  of  a  conventional 'clutch  are  the  (a) 


and  the  (b) 


Is 


12.    When  the  engine  and  transmission  are  connected,  we  say*  the  clutch 

»  • 


^  JiT^  tfe*  ******  dT*"  and  Wdtiven  member  U 

SlSiJ'? a*lnt*io*d.  fey  «Ptlat  Praaaura  from  spring,  or  otter  device, 

located  la  thi  praaaura  plat..    Thia  apring  praaaura  la  controlled  by  tte  vah<e£ 
oparator  through  tte  clutch  padal  and  auitable  linkaga.    Airing  p^Istr.^ 
gradually  alloyed  to  releaae,  tha  friction  batwaA  the  drlv  and  drJv^ 
lacreaaaa;  until  thara  is  no  .lippag.  between  thrive  and  dtivan  JSarT^ 
When  tha  praaaura  is  light,  the  comparatively  small  amount  of  friction 
between  the  drive  and  driven  members  permits  a  great  deal  of  slippage. 


.COIL  SPRINGS 
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W  ft*  ■  >  £ 
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TRANSMISSION 
INPUT 
SHAFT 


m 


PEDAL  DOWN, 

CLUTCH  DISENGAGED 


ROTATING  PARTS 


PEDAL  UP,  . 

CLUTCH  ENGAGED 


1    •  QUESTION  13.  • '  •'  7 


How  it  the  friction  between  the  drive  and  driven  members  of  tpm  clutch 
controlled?  •  , 

k*       «»      rnroujn  tucosmc  vpnxtg  priiiuri  is  x.tm  ciutcir  wmtii 

•  b.     By  the  vehicle  operator  through  the  uee  of  a  clutch  pedal  and. 
and  suitable  linkage. 

c.  By  using  a  clutch  spring  rsgulator  and  linkage  adjuster*. 

d.  By  shifting  the  transmission  into  e  lower  ratio  gear. 


We  stated  in  tha  last  Information  penal  that  friction  between  the  mambars 
increases  with  spring  pressure  and  decreases  with  lsss  spring  pressure. 
There  is  a  reason  for  this.    You  will  recall  from  previous  information 
that  the  clutch  must  be  'engaged  smoothly  and  gradually  to  prevent  excessive 
shock,  in  the  power  train  components.    When  friction  is  first  obtained  between 
the-  drive  and  driven  members  of  the  clutch,  tha  vehicle  will  start  to  "creep" 
even  though  there. ia  a  great  desl  of  Slippage.    The  engine  cannot  transmit 
its 'maximum  power  to  the  -transmission  until  maximum  friction  ia  obtained 
between  the  clutch  members..  That  is,  when  sll  a lipping  has  stopped  and  there 
is  a  direct  connection  between  the  driving  and.  driven  parts. 


QUESTIONS  14  through  16.  " 

14.    Under  what  condition  will  all  power  produced  by  the  engine  be  applied 
to  the  transmission? 

.  *  ,.. 

a.  When  the  drivisjg  and  driven  clutch  members  have  minimum  friction. 

*  * 

b.  When  maximum  spring  pressure  is  applied  Co  the. clutch  members. 

c.  When  the  clutch  is  slipping  at  its  minimum. 

d.  When  the  vehicle  is  beginning  to  "creep." 
«     IS.  'When' will  a  vehicle  begin  to  creep? 

a.  When  the  dutch  is  first  disengaged. 

b.  When  the  clutch  is  fully  disengaged.  « 

c.  When  the  clutch  is  fully  engaged. 

d.  When  the  clutch  is  partially' en geged.  * 

»  r 

16.  ^  Why  is  it  necessary  to  gradually  and  alowly  engage  the  clutch  of 
a  vehicle?  » 

a.  To  create  less  friction. 

•  -  *  * 

b.  To  create  maximum  friction. 

>  y   '  • 

c.  To  minimize  power  train  shock.  * 

.  d. «    To  start  a  vehicle  moving  suddenly. 

t 

7  .  , 


9 
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^Although  thU^iMMB  teechee  you  clutch  taiatetau.'i£  will  hJ 
"tes.exy  for  yo.  to  consult  *  Shop  nsnoal  or  a  ttchnlSl  e»Lr#L 
iifoWion  on  *  .pocific  typ.  aid  ■od.i  of  cl«S      "  '**  I 

,  •-  -     ■  _  ,  | 

This  lesson  i.  bawd  on  iafor*stion  contained  in  TO  36A-1-76. 


•ur faces  t.  usuelly  th.  ■  rear  f ice  of  thT? l^lltr mS'T^    ?*  M  ***** 


TYPICAL  SPRING  TYPE  PRESSURE  PLATE 

RELEASE  J^NQERS 

STEEL  • 
COVERS^ 


PLATE 


QUESTION  17.  " 

••  '    .  .  .  '  ' 

ClUtCh  11  .t«m  «d  1.  .tt«h.d  to  th. 

a*      Driven  member, 
b.     Pressure  plate. 


ERIC 


c.  Operettng  member 

.9 

d.  Clutch  dlec. 


3  9  i  ■  <j. 


8 


Why  would  a  pressure*  plate  made  of°  citt  iron  be  more  desirable? 

*       •    ...     «  »  • 

•*  *  ^ 

a.  Because  a  cast  iron  surface  can  be  ground  mora  smoothly^. 

b.  Bacauta  of  tea  salf-iubricatin^  .oharactariatici. 
c*.     Because  cast  iron  minimizes  slippage.       '•  . 

d.      Because  cast-  iron  is  comparatively  heavy . 


Some  pressure  plates  use  no  springs,  but  instead  uae  a  single  cone 
shaped  -disc  for  applying  thy  pressure*to  the  driven  member.    This  type  of  disc 
spring,  works  on  the  same  principle  as  the  spring  button  of  sn  oil  can.  When 
pressed  in  the  middle, -the  outside  edges  retrect,  wiling  the  driving  plate 
of  the  pressure  plate, away  from  the  driven  member  (clutch  disc).  .  As  in  * 
the  illustration  below. 


DIAPHRAGM 
SPRING 


RELEASE 
BEARING 


RETRACTING 
SPRING 


COVER 

ENGAGED 


DISENGAClD 


sMsi  j  i  a 
■    11     1  I 
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The  clutch  disc  jV  usually  made  of  spring  stearin  the  shape  of  a  single  > 
fUt 'disc  of- a  number  o*  .flat  aat^nt^.,    Suitabla  f^icVooal  facings  ara  attaohad 
to  each  side  of  the  disc  with  copper  rivets.    These  facing  mist  be  heat-resistant 
since  friction  produces  heat.    The  most  commonly  used  facings  are  made  of  cotton 
end  asbestos  fib.e*rs.    Jhese  materials  are  w#venvor  molded,  together  and  Impregnated 
with  resins  or  similar  bonding  agents.    Very  often,  copper  wires  are  woven 
or  pressed  into.,  the  material  to  give  it  additional  strength.    The  figure  below 
jshows  a"  typical  clutch  disc.  4 

*  RIVETS 

^^^a^»  ■■  ">  ■■  ^^tm 

CLUTCH  DISC  -r-      ■  — 1 — 

VIBRATION 
DAMPER 

S 


FLEXIBLE  HUB 


QUESTION  10. 

Why.is-lt  necessary  to  face  the  clutch  disc  with  heat-resistant  material? 

a.      Because  the  disc  is  exposed  %to  great  amounts  of  friction  which  produces 
heat.  .  • 

'  •  ***«.* 

-    b.      Because  the  clutch  disc  is  constantly- slipping  which' creates 
a  great  amount  of  heat •  ^ 

r 

.   c:      Because  the  dfsc  is  located  in  such  a  place  that  it  receives  a  great 
amount  of  engine  heat. 


10 
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i  •  * 


disc  Is  provided  vtth  a  flexible  center  which  absorbs  the  . 
*ion  pC  tbe  crankshaft*.    The  flexible  center  uauelly  takes,  the  . 


rhe  clutch 

<t   torsional  vibration       %um  t,(«m*a«k^ 

**f  form  of  *  steel  cos^reeeion  springy  placad- between  the  hui>  and  tbe  steel  disc. 
"  The  springs  permit  the  disc  to  rotate  slightly  backward  ar  .the..,  springs,  decompress . 

This  sligltt  backward  and'  forward  rotation  permitted  by  the  springs  sllows  the  - 
cxutch*  shaft  to  rotate  at  a  mors  uniform  "rata  than  the  crankshaft*  thereby 
preventing  some  of  the  torsional  vibration  o'f  the  crankshaft  from  being 


transmitted  to.  the  drive. 


1  * 

QUESTION  20. 

•  * 

.What 

is 

the  .purpose  cf  the  flexible  center  on  a  clutch  disc? 

To 

* 

absorb 

excessive 

vehicle  road  shock. 

* 

To 

absorb 

torsional 

vibration  of  the  crankshaft. 

To 

absorb 

torsional 
* 

vibration  of  trie  transmission. 

* 

d. 

To 

absorb 

torsional 

vibration  of  the  pressure-  plate. 

In  order  to  make  clutch  engagement  as  smooth  as  possible  and  to  eliminate 
"chatter,"  several' methods  have  been  used  tp  provide  a  kittle  flexibility  to 
the  clutch  disc.    One  type  of  disc  is  "dished/'  so  that  the  inner  and  outer  surfaces 
"of  the*friction  facing smake  contact  grfeduall}  as  spring  pressure  is  increased 
and  the  disc  flattens  out.  **'  \ 


\ 


T 


QUESTION  21.  •  >.  H„ 

What  is  the  purpose  of  "dishing"  a  clutch  disc? 

a.  To  eliminate  chatter  and  make  engagement  sudden. 

b.  f  To  make  the  entire  surface  of  the  disc  contact  the  driving  members 

immediately  upon  engagement. 

1  '  .  #        /  l  «* 

c.  To  eliminate  chatter  and  make  clutch  engagement  smooth- by  allowing 
.  the  inner  and  outer  edges       the' disc  to  make  contact  with 

k  -        the  driving  members  gradually.         .  , 


ii  • 


o  O 

-  / 
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T?PES  OF  qLt?TCHES 

»    \  ■  * 


\%  A^T°^^^Ty^  classified  porting  tVthe  hu^r  of  plate ^ 

JtL?f^^  *  nil*'  ,lAt?  •1U^w!°;t*ln'  <*«^ven,di.c  oper.lrtng  Stween 

^the  flywheel  and  the  pressure  piece,  yrhe  flywheel  is  not  considered  to  be  a  plate 
„  even  though . it  acts  as  one  of  the  driving  surfaces. 

.t 

 — ■  ^   '        il  3 


STIOlf 


•  A  clutch  containing  on*  driven  diso  operating  between. the  flywheel  and 
.She  pressure  plate  is  refested  to  by  what  name? 

■  > 

w    a.      Single--plate  cltatch.  t  * 

Double-plate  clutch. 


c. 
d. 


Multiple-4[isc  clutch. 
All  of  the  above.  ; 


double-plate  clutch  is  substantially  the  same  as  the  single-plate  clutch 
except  that  another  driven  disc. and  an  intermediate  driving  plate  are  added. 
The  principle  of  operation  ^f  both  clutches  is  basically  the  same.. 


The  illustration  beld^  depi 
has  two  driven  discs  and  an  int 


le-plate  type. clutch.    Observe  that  it 
iate  plate. 


.  DtlVEN  DISC 
(MESSU«E  PlATE-SlDE) 


COIl  SMlNG 


ClUTCH  CASE 


PIloVliAUNG 

%  *  471SI-J-"l-l 
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VOmc  components  make  up  the  double-plate  clutch?  V  *  ' 

a.  «  Two  dr  iven  .'disc*  and  no  driving  plate.*" 

.    ^b.  One  intermediate  driving  plate  and  ont  drivan  Sac.  * 

<*    c.  Two  intermediate  driving  plates  and  two  driven  discs. 

>i.  Two  dtfrven  discs  ' and  an  intermediate  driving  plate. 

jut:  -  •  r 

1  -   *  —        _   _J  

A  clutch  having  ^our  or  more  drtven  dis.cs  is  referred  to  as  a  multiple- 
disc  clutch.    Again,    th*  princes  of  operation  is  essentially  &Sk  same  as 
the.  single  platfe  vend  thy  double-plate  clutch*  \ 

*  •.-,*•«■•, 

:  "■'  't  :  :  ' — ^  "  •  r— 

■    V  ,     •  . , 

QUESTION  24.  m  r 

How  many  driven  discs  does  a  muftiple-disc  clutch  have? 
a.      One.     *  * 


b.  Two.  •  . 

c.  Three.     »      *  > 

d.  More  than  three. 


'Ml. ':  \ 


{ 


Hi  X 


mSTMJCTIOfiS; 


Match  the  numbered  statement  or  phrasm  on 
statement  of  phrase, on  the  .right. 


QUESTIONS  25  through  28. 

25.    Maximum  -spring  pressure  is.ap- 

'  plied*  to  the  clutch  members. 

T  '  • 

26*'  'Connects  and  disconnects  the  engine 
and  transmission  of  a-  vehicle*. 

\ 

27 .  A  clutch  depends  on  this  for  its 
operation. 

28.  Drive  members,  driven  members*,  '  9 
springs,  and  linkage.  » 


the  left  with  tlie  lettered 


\ 


\ 


•29.    Gradually  and  smoothly  engage*the 
clutch  of  a  vehicle.  * 

QUESTIONS  25  through  33. 


30  <-   Twd  driven  discs  and  anln^r- 
mediate  driving  plate. 

31.    One' driven9  disc  operating  be 

tween  the  flywheel  anil  the 
>        pressure  ptate. 

y  ,  _ 

\  32.    Spring  steel  in  the -shape 
<  of  a  single^tlat  disc 

or  a  number  of  flat: segments.  ^ 

33.  Two  cast  iron  plates  machined 
and  ground  to  a  smooth  finish. 

34.  Eliminates  clutch  Shatter  and  . 
makes  engagement  smooth  by 
allowing  members  to  contact 
gradually.  t 


\ 


,a.     Solid  friction. 

b.  Minimize  power  train 
shock. 

c .  Clutch . 

d.  Maximum  engine  power  is 
applied  to  the 
transmission. 

e.  Principal  parts  of  the 
clutch. 


/ 


a.      Clutch  disc. 

Pressure  plates. 


b. 
c. 
■d. 
e. 


Double-plats  clutch. 
"Dishing"  a  clutch  plate 
Single-plate  clutch.  , 


4 

v 


~     •  *  .      CONFIRMATION^  PANEL  ^ 


1 

You^feay use,  Ait  confirmation  panel  at  any  ciaa  ALn  order  to  chack  the" 

N  accuracy  of  your  work  as  you  profrees'  through  this  lesson. 

QUESTION  NUMBER  ANSWER       *              .QUESTION  NUMBER  ,   %  ANSWER 

d  29    -  '  ff* 

3a           %  transmission  31       *-  "  e 

3b           /  engine  32  a 

4  A  33  -  '  b 

5a          ,  drive      .  34  d 

5b           .  "driven     \     .  "  ' 

6  *  engine 

-7  -  driven  ^ 

8                •  ,  clutch 

9a      -  clutch  disc  -> 

9b  '  transmission  input  shaft  -  a 

10  c 

11a  flywheel  . 

lib  »      pressure  plate 

12  engaged 

13  b 

14  ^  ,b 

15  d 

16  .  c 


17  b 

18  '  b 

to      y  b 

21  .   s  c 

22  ■*  a 

23  d 

24  /  a 

d 

c 

27  -  a 

28  e 


/ 
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'"^  '«'       OBJECTIVES  *  *  '  . 

«.  «  . 

Upon  completion  of  this  programmed  text  you  will  be  able  to  accomplish  the' 
following  objectives  with  85%  accuracy. 

lv     Given  statements  about  power  takeoff  units,  select  those  that  • 
best  describe  their  purpose  and  location. 

2.  Given  a  diagram,  of  a  power  takeoff  unit-  and  a  list  of  component 
names,  match  the  component  with  its  proper  name. 

3.  Gi^ven  a  power  takeoff  unit,  proper  tools  and  task  list,  disassemble, 
inspect  and^  reassemble  the  power  takeoff  unit. 


VALIDATION 


This  programmed  text  was  validated  by  students  enrolled  in  the  3ABR47330 
Course  in  1964  and  has  proved  successful  since  that  time. 


INSTRUCTIONS 

This  lesson  presents  information  in  small  steps.    Each  page  or  "frame" 
contains  an  information  panel  and/or  questions  pertaining  to  information 
contained  in  the  last  panel.    Read  the  information  presented  within  the 
solid-lined  box,  identified  by  a  closed  or  open  book,'  then  select  the 
correct  statement  in  response  to  the  question  asked  in  the  question-mark 
outlined  box.    DO  NOT  WRITE  IN  THIS  BOOKLET.    Mark  all  answers  on  the  ' 
answer  sheet  you  have  been,  provided  with  (ATC  Form  26A).    After  you  have 
selected  an  answer  to  a  question,  you  may  check  the  accuracy  of  your 
selection  by  turning  to  Frame  9.    Do  not  look  at  the  confirmation  frame 
(Frame  9)  until  you  have  made  your  selection  of  the  ''answerT^-' 

You  may  consult  your  instructor  at  any  time. 

•0 

You  may  now  proceed  to  Frame  1  and  .begin.  There  is  no  time4  limit'  on  this 
lesson.  ? 


Praas  1. 


Sons  vehicles  are  •quipped  with  accessories  which  are  defendant  on 
part  of  the  vehicle  drive  train  for  their  power.  ,  An  erawplo  of  this 
would  be  a  winch.  We  have  all  teen  winches  on  the  front  of  tracks 
and  wreckers,  bat  how  often  hare  we  given  any  thought  to  how  thene 
winches  •  are  operated? 


r 


Winches  depend  on  a  power  take-off  as  a  source  of  their  power. 
This  means,  then,  that  a  power  take-off  is  an  attachment  used  to  con- 
nect the  engine  of  a  vehicle  to  power-driven  auxiliary  units. 


question  1. 

???????'??????????????  2  ??????????????  ?' 


i 


?    What  is  the  purpose  of  a  power  take-off?  *  ? 

*j 

*~  •  * 

?        a.    To  connect  the  engine  of  a  vehicle  to  power-driven  au3d.lj.ar7  ? 

units.  jr 

?  "       r   '        ,  »  ? 

b.   To  drive  winches  only. 

*  •  1 


?  7  ???  7  ??????■??????????????  ^  ???????  ? 


ERIC 


■   !  1... 


2»  J 


1 A 


*    Because  power  ttake-offs  are  used  to  connect  a  vehicle  engine'  to 
other  power -driven  auxiliary  unite »  they  ere  usually  attached  to  the 
main  trenaedssion  or  auxiliary  transmission  of  a  vehicle.    In  the  il- 
lustration below,  the  power  take-off  is  attached  to  the  transmission 
and  is  used  to  drive  the  winch.  v 


••VII  *»*« 


\ 


QUESTION  2. 


/ 


???,???????????????  ?  ?.?  ?'???????????  ?  ?  ? 

✓ lalee-otf  u 


To  what  unit  of  a  vehicle  is  the  povej 
a.  Differential, 
tt.    Auxiliary  transmission. 

c.  Transmission. 

d.  Winch. 


isually  attached? 


??*??????,?????????.  ???????????????????? 


4 


erJc 


•  »' 
ft. 


How  we  understand  that  power,  take-off a  connect  a  vehicle  anglaa 
with  power-driven  auxiliary  unite  and  tjfcey  are  normally  connected  to 
the  vehicle  transmission.    Row  about  Iheir  operation?   Study  the 
diagram  below,  then  answer  the  question  below  concerning  the  opera- 
tion of  a  power  take-off. 


\ 
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QUESTION    3.  . 

????????????????????????????????????? 

«  » 

?     Which  of  the  following  statements  bast  describes  the  operation  of  ? 
a  power  take-off? 

a.  A  power  take-off  is  e  manually-engaged,  gear -driven  unit. 

?  •  '  ? 

b.  A  power  take-off  is  a  manually-engaged,  hydraulieally-'. 

?  operated  unit.  *  ? 

V 

777  7.77777-7  7  7. 77777777777?  ?7?????7?7??7 
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Freiee  U. 


Ay  you  can  probably  Ull,  the  power  t»ke-off  shown  in  Frame  3  la  a 
single-gear  unit.  Thia  ia  tha  aimplea*  type  of  power  take-off .  '  TMa 
type  of  power  take-off  la  usually  bolted  to  the  side  of  the  transmis- 
sion. An  opening  ia  provided  In  tha  transmission  caae  for  thia  pur- 
pose  by  the  manufacturer.  Another  interesting  feature  of  the  slntle- 
gear  power  take-off  is  that  it  la  manually  engaged. 


QUESTION  U. 

???????????? 

?     Select  the. statement  below  which  beat  sums  tip  all  that  you  have  ? 

learned  about  power  take -of fa. 
?     *  *  "  ? 

a.  The  simplest  type  of  power  take-off  is  a  single-gear,  manually 
engaged  unit  that  operates  off  the  vehicle  differential.*  ? 

b.  The  simplest  type  of  power  take-off  is  a  single-gear,  manually 
engaged  unit  that  is  bolted  t6  the  transmission  and  connect a  7 

-  the  vehicle's  engine,  to  the  auxiliary  units  * 

•   .  •> 

c.  The-aimplest  type  of  power  take-off  is  a  single-gear,  hydrau- 
lically  operated  unit  that  generates  i%a  own  power.  ? 


? 
? 


?????????????? 


Although  we  have  been  discussing  only  one  type  of  power  take-off, 
there  are  many  different  types  and  styles.    Some  are  multiple-gear 
and  multi-speed.    Sons  even  depend  on  auxiliary  transmissions  for 
their  power.    The/next  few  diagrams  will  show  you  some  of  these  dif- 
.  ferent  power  take-offs  and  their  applications  to  specific  units, 
lhese  pictures  and  diagrams  will  be  for  your  familiarisation  only. 


i 


Tno  dl«gm  bolov  than  \  ainglo-tpood,  ain(la-f  car  psxmr  taka-off 
lika  tha  kind  you  hava  bMn  studying.   Nota  its  tin  In  ralatdoA to 
that  of  the  translation. 


POWER  TAKE. OFF 


•V 


Pram  6. 


It 


flere  you  sn  4  power  take-off  (Item  "A")  attached  to  an  auxiliary 
transmission  (Iftm  »B")  being,  used  to  drive  a  winch.    Hotice  that;  the 
power  taks-off  transfers  power  through  a  propeller  shaft  (Item 
$o  the  winch  (Item  nHFt) ..  „»  i.  , 


TRANSMISSION 


V 


n. 


ERIC  • 


This* if  *  much  more  complex  type  of  potter  take-off.   Notice,  how- 
aver,  the  control  linkage  (Item  "A").    This  particular  type  of  power 
take-off  is  used  to  operate  a  dump  track.    The  power  take-off  is 
attached  to  the  track's  trananisaion  and  the  output  abaft* of  the  power 
take-off  (Item  "B")  drives  the  hydraulic  dump  mechanism. 


Frame;  8. 


T    There  aren't  many  moving  parta  in  a  single-speed,  single -gear  power 
take-off,  but  it  is  necessary  that  you  be  able  to  recognize  them.  In- 
side the  power  take-off  case  you  will  find <jDna  gear  ( Item  "A")  which, 
^when  moved  with  the  shifter  shaft  (Item.  "C") ,  meshes  with  a  gear  in 
the  vehicle's  transmission.    When  the  power  take-off  gear,  technical- 
ly called  the  "sliding  spar  gear,"  is  meshed  with  the  vehicle's  trans- 
mission the  main  shaft  (*Item  "B")  is  put  into  motion.    This  means 
that  the  main  shaft  is  connected  directly  to  the  sliding,  spar  gear. 


QUESTIONS    5,  6,  and  7. 

?????????????????????  ?????????????  ?  ?? 


Blacken  the  space  on  your  answer  sheet  that  matches  the  name  of  the  ? 
coimoonent  as  given  below  on  the  left  with  that  component  in  the 
•  diagram  below.  x  f  ? 


*  8 

/ 

I 


Frame  9. 


'  CONFIRMATION  PANEL 


O 

Y<5u  may  use  these  answers  to  check  the  accuracy  of  your  responses 
to  the  questions  asked  in  the  lesson.  • 


Answer  #1  is  a. 

Answer  #2  is  c. 

Answer  #3  is  a. 

Answer  #U  is  b. 

Answer  #5  is  a. 

4 

Answer  #6  is  c . 

* 

Answer  #7  is  B. 

Cj 

4 


now 


) 


* 
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OBJECTIVES 

While  nose  vehicles  are  designed  to  operate  over  relatively  snoot h  hard- 
surfaced  roads,  some  vehicles  must  be  able  to,  operate  efficiently  over  all 
types  of  terrain.    These  vehicles  are  equipped  to  transmit  power  to  all 
wheels —  This  power  \s  transmitted  through  the  use,  of:    transfer  cases, 
Sprag  units,  propeller  shafts  and  universal  Joints,  center  bearings,  and 
pillow  blocks.    In  addition,; some  chicles  are  equipped  with  a  cable  winch 
which  is  powered  by  a  power  take-off.    These  are  the  units  that  thia  lesson 
is  all  about.    When  you  have  finished  with  thia  program,  you  will  be  able 
to:  '  . 

•  *  * 

1.  Sdlect  t;he  correct  answers  to  multiple-choice  type  questions 
about  the  purpose  and  operating  principles  of  universal  joints,  propeller 
shafts,  center  bearings,  transfer  cases,  Sprag  units,  winches,  and  pillow 
blocks. 

a  , 

2.  Locate  and  identify  Chese  units  on  an  illustration.  » 

r  *   .  \ 

3.  Locate  information  on  the  construction  features  of  these 
components  and  their  removal,  disassembly,  inspection,  repair , 
reassembly,  and  installation.  * 

4*.     Disassemble,  inspect*  |nd  reassemble  universal  joints,  center 
bearings,  tod  transfer  cases. 

5.  Operate  and  adjust  a  winch. 

6.  Inspect  a  propeller  shaft  for  serviceability. 

These  must  be  accomplished  with  BOX  accuracy.  fc 

VALIDATION 

«  '  1 

This  programed'  taxt  was  validated  by  students  enrolled  in  the  3ABR47330 
Cburse  -in  1964  and  has  proved  to  be  successful  since  that  time.  1 

INSTRUCTIONS 

The  material  to  be  presented  in  this  program  is  broken  up  into  small  units 
called  "frames."    Each  frame  .contains  an  information  section'  and/or  an 
illustration  panel  presenting  information  that  is  to  be  learned.  Following 
•  eachf  information  panel  there  will  generally  be  presented  a  question  or  two. 
Indicate  your  <*hoice\of  the  correct  answer  by  BLACKING  OUT  the  letter  on 
the  Standard  Answer  Sheet  that  corresponds  to  your,  choice,  of  the  correct 
choice  for  each  question.    For*  confirmation  of  your  response,  refer  to  the 
top  of  the  next  frame  where  the  correct  answer(s)  will  be  given. 

Proceed  to  the  next  page  and  start  with  Frame  1.    Study  the  illustration 
carefully  before  turning  to  the  information  presented  in  Frame  2. 
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ILLUSTRATION  PAlfEL 


*  .  ♦ 


Frame  1* 


DIFFERENTIAL 
AND  CARRIER ; 


FRONT  AXLE 
PBOPELLER  SHAFT 


FRONT  REAR  AXLE 
PROPJJiLER  SHAFT 


DIFFERENTIAL 
AND  CARRIER. 


REAR  REAR  AXLE  — — 
PROPELLER  SHAFT 


4V6 


*    -  FRONT  AXLE 


'TRANSMISSION 


POWER  TAKE-OFF 


\ 


INTERMEDIATE  PROPELLER  SHAFT 


TRANSFER  CASE  TO  PILLOW  ' 
BLOCK  PROPELLER  SHAFT  • 


FRONT  REAR  AXLE 


REAR  REAR  AXLE^ 


-  er|c 


Frame  a. 


*  * 


■    ■  \ 

In  order  to  deliver  engine  torque  to  more  then  one  driving  axle,  an 
auxiliary  gear  train  called  a  "transfer  case"  is  u*ed.    A  transfer 
case  differs  from  I  transmission  in  that  It  has  two  or  more  output 
shafts,  While  a  transmission  has  only  one.    The  illustration  provided 
in  Frame  1  depicts  a  wormeeye  view  of  a  six-wheel  drive  truck,  cosnon- 
ly^ called  a  "*i*»by-six.H   Torn  back  to  Frame  1  and  locate  the  trans- 
fer case*  then  answer  the  two  following  questions . 


QffESnCWf    1  and  2. 

v 

????'???????????????>?????????????????? 

?     1.    In  the  figare*ehown  in  Frame  1,  the  transfer  case  distributes  ? 
power"  to  how  many  driving  axles? 


r 

? 
? 
? 


a.  1. 

b.  2. 

c.  3, 


? 
? 
? 
? 


?  2.  •  The  purpose  of  the  transfer  case  Is  to  distribute  power  to  ? 
?  a.    one  driving  axle.  ? 

1  s  b.    two  or  more  driving  axles.     v  ? 


? 


? 


????????????????????????????????????? 

s 


3. 


Answers  to  previous  questions: 
1*  3  axlts  (response  "c") . 
2.  b. 


There  ere  two  types  of  transfer  cases:  single  speed  end  two  speed. 
The  single  speed  transfer  case  contains  a  drive  geaf7"idler  gear,  and 
driven  gear,  mounted  on  shafts  and  bearings.    This  type  of  transfer 
case  is  usually  installed  in  vehicles  that  are  equipped  with  auto- 
matic transmissions. 

The  two  speed  transfer  case  contains  a  drive  gear,  idler  gear, 
driven  gear,  plus  a  sliding  gear,  and  a  low  speed  gear,  all  of  wfeich 
are  mounted  an  shafts  and  bearings.    The  two  speed  transfer  ease  is 
installed  in  vehicles  that  are  equipped  with  manual^ransmisslon&. 

On  Frames  U  and  5  there  are  two  illustrations.  *Study  thefc  care- 
fully, then  answer  the  questions  below. 

 v.  •' 


QUESTIONS   3  and  U. 

•  - 

?????????????*???????   ?  ????????????? 

3 

a.    Frame  li. 

4t 


Which  Frame  illustrates  a  single  speed  transfer  case?\ 

a.  Frame  U. 

b.  Frame  5. 


Which  wheels  of  the  vehicle  are  in  constant  drive  witn  the 
transfer  case? 


a.  Front*.  \ty 

b.  Rear.  v^  ' 

c.  Both. 
dv-  Neither. 


???????f??r??'fc ??????  ??????»?????  ?  ?  ? 


O^VC  SHAFT 
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Answers  to  previous  questions: 
3.    Frame  $.  ' 

U.  b. 


If  the  rear  Wheels  were  JBT  in  constant  drive  with  the 
transfer  case,  there  would  be 'no  driving  action  at  all. 
If  the  front  wheels  were  in  oonstent  drive,  there  would 
be  no  need  for  the  transfer  case. 


Some  transfer  cases  incorporate' a  mechanism  which  automatically 
-  disengages  the  front  wheel  driving  action  during  turns  ^since  the 
f rent  wheels  are  rotating  at  a  different  speecVthan  'the  rear  wheels 
at  that  time.    Such  disengagement  helps  minimize  wear  on  the  tires 
and  strain  .on  the  gears.    In  this  type  of  transfer  case/  the  front 
axl4  sliding  gear  which  engages  and  disengages  the,  front  wheel  drive 
is  replaced  by  an  automatic  declutcher .   While  there  are  many  types 
of  automatic  declutchers,  the  only  one  we  will  discuss  is  the  Sprag 
*  Assembly. 

The  Sprag  Assembly  is  essentially  a  mechanism  used' for  declutch-: 
^Lrig  the  front  wheel  drive.   With  this  unit,  power  is  automatically 
applied  to  the  front  wheels  when  the  rear  wheels  lose  traction. 
When  the  rear  wheels  regain  traction,  the  power  is  automatically 
disconnected  from  the  front  wheels. 


QUESTION  5. 

??????????? 


"    -  '  '        '   •  1  ' 

*?????????. ????£??????? 


?      The»purjpose  of  the  Sprag  Assembly  used  on'  vehicles  with  front 
'wheel  drive  is  to/  v 

? 


\ 
? 


? 
? 

r 
? 
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a.  allow  power  to  be  applied  to  the  front  wheels  when  the  rear 
f wheels  lose  traction.  * 

b.  automatically  disengage  power  from  the  rear  wheels  when  the 
front  wheels  lose  traction. . 

4  * 

c.  apply  power  to  the  front  wheels  when  the  rear  wheels4  lose 
traction,  and  disengage  it  when  the  rear  wheels  regain 

traction.'  j  „ 

d.  prevent  the  front  wheels  from  spinning. 


? 


9 

? 
? 


T  f  ???????????»  M?  ?  t  ?  h  n  n  m  ^  m»  rM  » 

*  •  • 


7. 


Answer  to  previous  question: 


5.    o«      HOTS;    Response  a  was  only  partly  correct  since  it  only 

described"nalf  the  function  of  the  Sprag  unit. 


A  Spng  unit  consists  of  three  main  parts:  ths  innsr  race,  , 
outar  race,  and  tha  Sprags  or  cans  .locatad  between  the  two  rac 
The  illustration  below  is  an  end  view  of  a  Sprag  unit  with 
tial  parts  labeled. 


ENERGIZING 
SPRING  " 


DRIVING  GEAR 
AND  OUTER  RACE 


SPRAGS 


4?l 

4  * 


8. 


The  action  of  tha  Sprags  depends  on  the  variable  rotation  of  fee 
facta.   Aiwm  that  tha  ontar  raoa  of  tba  Sprat  nnit  is  ooanaotad  to 
tha  ponar  output  of  tha  tranaf  ar  eaaa  and  that  tha  Inner  race  la  con- 
naotad  to  tha  front  driving  axial   Whan  tba. ou tar  raoa  'at  temp  te  to 
turn  faatar  than  tha  imer  raoa,  tha  Spcaga  pivot  and  look  tha  raeaa 
together.   This  eauaaa  tha  raoat  to  rotato  at*lhe  sane  spaed  and  de- 
liver power  to  tha  front  driving  axle.   Conversely,  when  tha  outer 
race  turns  Jlower  than  the  inner  rac*,  as  it  will  when  the.  rear  wheelo 
regain  traction,  tha  Sprat*  pivot  and  disengage.    Thie  allow  the 
inner  raoa  to  "free  wheel"  and  power  la  not  delivered  to  tha  front 
driving  axle,   there  are  two  Sprega  in  a  Sprag  Assembly,  a  forward 
and  a  reverse  Sprag  unit.    The  forward  unit  is  engaged  when  in  f&st 
gear.    The  reverse  011I7  when  the  transmission  is  shifted  into  re 
verse  gear. 


QUESTIONS   6  and  7. 

H?????????????n?'????????????7???? 

6.  On  what  does  the  action  of  the  Sprags  depend? 

a.  The  direction  of  rotation  of  the  Sprags. 

b.  The  variable  rotation  of  the  races I 
c  ThB  amount  of  power  delivered  to  the  front  wheels, 
d.  The  amount  of  power*  delivered  to  the  rear  wheels. 

7.  What  are  the  three  main  parts  6?  the  Sprag  unit? 

a.  Inner  race,  outer •race^  and  clutch  fingers. 

b.  Inner  race,  Sprags,  and  spring  dips. 

c.  Input  shaft,  -output  shaft,  and  Sprags. 
.  d.  Inner  race,  Sprsgs,  and  outer  race. 


????7?????????????????????7?7?????? 


t — :  ■ — , 


9. 


to  previous 


QUESTION  8. 


????????,?????????????????????????? 

?    What  action  will  causa  the  Sprags  to  pivot  and  lock  the  inner 
and  outer  raca  together?  >. 


i .  ■* 


? 
? 


a.  the  front*  wheals  must' turn  faster  than  the  rear- wheels. 

b.  The  inner  race  must  turn  /aster  than  the  outer  race." 

c .  The  rear  wheels  must  lose  traction, 

d.  13m  constant  speed  drive  must  be  engaged.' 


??????????????  ?'??????  J  ????????  ?  J  ?  ? 


? 
? 
? 
? 

?  ?  ? 


The  transfer  case  is  mounted  in  the  vehicle  frame- between  the 
transmission  and  the  rear  axle.   It  receives  power  from  the  output 
shaft  of  the  transmission  and  transfers  power  to  the  front  driving 
axle  and  one  or  more  rear,  driving  axles.    On  an/  vehicles  equipped 
with  a  transfer  case,  at  least  one  rear  axle  is  in  constant  drive 
with  the  transfer  case.    If  the  -vehicle  has  two  rear  axles,  both 
•are  usually  in  constant  drive -with  the  transfer  case.    The  front 
driving  axle  is  not  in  constant  drive,  however,  because  it  can  be 
disengaged  or  engaged  either  manually  or  automatically.' 


QUESTION  9. 

?'??????????????????????????????????  ?$'?• 

7     Because  a  transmission  has  only  one  output  shaft,  a  vehicle  not  ? 
equipped  with  a  transfer  case  could  hive 

?  .  ? 

a.    only  one  driving  axle. 

?        b.    more  than  one  driving  axle.  ? 

??????????  ?  *-????  ?  ?  ?  ?  ?.  ?  f  ?  ?  ?  ????????  ??? 


4? 
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'  QUESTIONS    10  and  11. 

'  7  ??????????????????????????'?????????  ? 

?     10.    What  automatically  engages  and  disengages  the  front  wheel  ? 
drive? 

? 


? 

•> 

? 

» 

? 
? 

* 

? 

? 


a.  Front  driving  axle. 

b.  Sprag  unit. 

c.  Transfer  case.  ( 

d.  Rear  driving  axle. 

11.    How  does  a  Sprag  unit  operate? 


? 
? 

* 

? 
? 


a.    Outer  race  turns  faster  than  inner,  Sprags  pivot,  races  ? 
lock  together. 


b.  '  Inner  race  turns  faster,  Sprags  pivot,  racers  lock 
together.  } 


? 
? 


7  ?????????  7  ???"???????  7  ??  ?  ??"??  ???????? 
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10.  b. 

11.  a. 

* 

The  principal  means  of  delivering  torque  produced  by  the  engine  to 
toe  driving  aides  la  by  use  of  a  propeller  shaft.    Some  vehicles  use 
drive  chains  while- others  use  a  direct  dr^ve  from  the  tsmnsnlssion  to 
the  axle.    However,  most  of  the  vehiclesvou  will  be  working  with, 
will  use  a  propeller  shaft  to  deliver  thcengine  torque  to  the  driv- 
ing axles.    Propeller  shafts  may  be  either  soli,d  or  tubular,  and  are 
usually  equipped  with  a  universal  joint  on  each  end. 


QUESTIONS    12  and  13 . 

?????????????'?????????  7  ????????????  ? 

?     12.    Power  is  transferred  from  the  transmission  to  the  driving 
axles  by  the 


? 
? 
? 
? 
? 
? 
? 
? 


a.  transfer  case. 

b.  Sprag  assembly. 

c.  propeller  shaft. 

d.  crankshaft. 

13.    What  is  the  least  number  of  propeller  shafts  a  vehicle  may 
have? 

a.  1.  ' 

b.  2. 
c-  3. 
d.  U. 


???  7  ???????  7  ???????????.??•????'?  ?  ?■????  ? 
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Answers  to  previous  questions: 

12.    c.  ^ 

• 

« _ 

*  ■ 

* 

13.  a. 

•  / 

< 

* 

f 

In  the  last  frame  we  said  that  a /propeller  shaft  is  usually  equip- 
ped with  a  universal  joint  at  ©aqh  end,  but  sons  nay  hare  a  nTJn  Joint 
on  only  one  end.    Universal  joints  are  used  to  transmit  torque 
through  varying  angles.    The  figure  below  shows  a  real  simple  ""J" 
joint  which  consists  of  Jhree  main  parts:  a  journal  and  two  yokes. 
No  matter  how  complex  a  universal  joint  may  be  made,  it  will  still 
contain  these  three  main  parts. 


QUESTION  Hi. 


?  11  ??????????  ?  ?  ?  ?  7  ?  ?  ????????????????? 


? 

r 
? 

? 

? 


The  threes  main  parts  of  a  universal  joint  are  the 
a;    shaft, and  two  yokes. 

b.  '  journal  arid  two  shafts. 

c.  journal  and  two  yokes. 

d.  yoke  and  two  journals. 


? 
? 
? 

9 

■ 

? 
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Frame  1}. 


Answer  to  previous  question:     lU.  c. 

1 

* 

• 

The, illustration  below  is  an  exploded  view  of  a  typical  propeller 
shaft  assembly.    Essentially,,  it  is  a  propeller  shaft  with  a  universal 
joint  mounted  on  each  end.    One  end  of  the  shaft  has  a  fixed  yoke,  the 
other  end  is' splined  so  as  to  allow  the  universal  joint  to  move.  The 
yoke  which  mounts  here  is  called  the  "splined  eliding  yoke."   Sons  in- 
stallations have  fixed  yokes  on  both  ends  of  the  shaft,  with  the 
splined  sliding  yoke  mating  to  a  splined  output  shaft  in  the  trans- 
mission or  transfer  case.    All  propeller  shafts  WOT  mm 
must  have  some  similar  arrangement,  since  the  I  joeff 
distance  between  geared  units  changes  with                 Gausf  ■  |        aut  piano* 
flexing  of  the  springs.                                        ^  "fTAp!LO 

snap  unc  » <0j^  f     O    l  nuts 


SNA*  tMG 


snow  mamno 

CatASf  RETAINCt 
SNAf  MNC 


shorn  KAMHC 
CatASf  RCT. 


snoot 

YOKE  RANGE 


COW  GASKET 
KNUCKLE 


QUESTION    1$.  '  ' 

?????????????????????????  H  ?????????  ? 

,     Why  is  a  slip  joint  used  on  one  end  of  the  propeller  shaft?  ? 

a.    To  allow  the  length  of  the  propeller  shaft  to, vary,  due  to 
?  .spring  flexing.  * 

?        b.    To  maintain  constant  torque  through  varying,  angles.  ? 

?.?????????????????  •?????????????'?????? 
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Answer  to  previous  question: 


15.  "a. 


Sane  vehicles  are  equipped  with  two  rear  driving  axles  which  are 
suspended  from  a  single  trunnion  axle.:,  This  arrangement  gives  great 
flexibility  for  going  over  rough  terraint  and  is  comminlv  referred  to 
as  a  "bogie  unit."    In  this  installation^* power  is  transmitted-  to  the 
rear  rear  axle  through  two  propeller  shafts  connected  in  tandem  ( one 
behind  the  other)  at  a  pillow  block.    The  pillow  block  Is  mounted  on 
the  forward  rear  axle  housing.    TEe  illustration  below  depicts  the 
arrangement  Just  described.    Study  the  frustration  carefully,  then 
proceed  to  Question  16  below/ 


TIANSfM  CAM  TO  PUOW  MOCK 


AXlMtQetUBt  SHAFT 
«A*  AJOE  PtOFfUBI  $HAPT 

i 

— t  : — :  -r- 


QPESTION    16.  ' 

??*??????????????????7?777????????7? 

?     What  are  the  names  of  the  two  propeller'  shafts  described  in  the 
text  and  illustration  above? 


9  7 
*  » 

f 

7 


AND 


????????????????????  ?  J  7  7  7  7  7  7  7  ?'  ?  7  7  7  ? 
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Answers  to  previous  questions: 

16.  "Transfer  case  to, pillow  block"  propeller  abaft,"  AND 
"rear  rear  axle- propeller  shaft."  \ 


The  pillow  block  is  mounted  to  a  bracket  which  is  welded  to  the  for 
ward  rear  axle  housing./  It;  consists  of  a  shaft  which  is  supported, at 
both  ends  by  ball  bearings.    Each  end  of.  the  shaft  mounts  a  flange  for 
connecting  the  'flange  yoke  of  the  propeller  shaft  universal  Joints. 
The  illustration  below  shows  the  pillow  block  installed  with  only 
stubs  of,  the  propeller  shafts  showing.  ■  - 


REAR  REAR  AXLE 
PROPELLER  SHAFT 


TRANSFER 
CASE  TO 
PILLOW 
BLOCK 
PROPELLER 
SHAFT 


MOUNTING 
BRACKET 


QUESTION  17. 

??????????????????????????????  ?*?????? 

? 

I 


9     What  is  the  purpose  of  the  pillow  block? 

a-.    To  transmit  torque  to  one  rear  axleN  when  the  other  loses] 
*  traction'.-  .\ 


?        b.    To  provide  a  means  of  distributing' torque  to  more  than  one 
axle.  \^  • 

c.    To  permit  flexibility  of  the  driving  axles  while  still  pro- 
viding torque  to  the  second  axle. 


? 

* 

? 


????????????  ?????????????????? ?  ?  ?  ?  ?  ?  ? 
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16. 


O 


Answer  to  previous  question: 

17.    c    Responses       and  "b"  are  partially  correct,  but  they 
are  not  the  true  purpose  of  the  pillow  block. 

 •  ^  ;  j  :  


A 


I 


On  sons  vehicles  the  distance  between  the  output  shaft  and  the 
transmission  or  transfer  case  and  /the  rear  driving  axle  is  so  great 
that  one  long  propeller  shaft  would  tend  to  "whip1'  or  vibrate,  also, 
such  a  shaft  would  contact  the  ground^when  passing  over  sharp  rises 
such  as  curbings,  driveways,  etc.    To  prevent  these  occurrences,  two 
short  propeller  shafts  with  a  center  bearing  between  then,  are  used. 
A  center  bearing  is  similar  to  a  pillow  block  in  configuration,  but 
the  center  bearing  is  installed  In  a  bracket  which  Is  bolted  or  weld- 
ad  to  a*  frame  croaa-nember.    Ambulances,  airport  limousines, ,  and  other 
long  wheelbase  vehicles,-  as  well  as  trucks,  use  a  center  bearing. 


QUESTION  18. 

??????????????????????,??????????????? 
?    What  is  the  purpose  of  the  center  bearing? 


? 
? 
? 
? 


a.  Supports  the  center  portion  of  the  drive  line  when  two  pro- 
peller shafts  are  used  in  tandem.  * 

b.  Eliminates  whipping  and  vibration  that  would  occur  if  only 
one  long  propeller  shaft  was  installed. 

c.  Presents  the  sjiaft  from  contacting  the  ground  when  the 
vehicles  pass  over  sharp  rises. 

d.  All  of  the  above  are  correct.     ^  4 


? 
? 
? 
? 
? 
? 


?????t??????????7????????7???  777  777  77 


*  17. 


•  i  • 


Answer  to  previous  question:  • 
18.    d.   The  center  baring  (sometimes  called  a.  "carrier  bearing" 


does  all  thoaa  things.  L 


All  of  the  equipment  discussed  to  far  in  this  lesson  is  involved 
£a  transmitting  power1  to  the  wheels.  ^ While  this  enables  the  vehicle 
to  operate  on  most  types  of  terrain,  certain  weather  conditions  may 
render  the  vehicle  immobile  regardless  of  the  amber  of  wheels  it  may 
hare  taming.    This  is  where  the  winch  cones  into  its  own.'    9y  secur- 
ing the  winch  cable  to  a  solid  object  ahead  of  the  vehicle,  such  as  a 
tree,  post,  another  vehicle,  etc.,  the  vehicle  can  pill  itself 
through  almost  anything.    The  winch  may  also  be  used  to  pull  other 
vehicles  or  pieces  of  equipment. 


QUESTION  19. 

???????????  ?%?  *??????????????  ????????? 

?     What  is  the  purpose  of  the  .winch  on  e  vehicle?  ? 

?        a.    To  enable  the  vehicle  to  pull  itself  out  of  any  immobilizing  ? 
situation,  as  long  as  the  engine  is  still  operating. 

7        b.    To  provide  ^  means  of  extracting  other  vehicles  or  equipment.  7 

?        c.    Both  "a"  and  "bM  above. 

?        d.    Neitlier  "a"  nor  "b". 


"a"  nor  -o". 

I 

?  ?  \?  ?  ?  ? 


??????????? \?  ?????  ?  r  ????????????????  ? 


r 
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ft  . 

f 

;  \ 

Answer  to  previous  question: 

•  > 

• 

19.  c. 

The  winches  installed  on  most  vehicles  ere  mounted  behind  the 
Trent  bumper  of  the  vehicle.    The  winch  is  driven  by  a  solid,  pro-  ' 
poller  shaft  from  a  .power  take-off.    This  pbwer  take-off  (PTO)  may 
be  mounted  on  either  the  transfer  case  or  the  transmission,  and  it 
is -controlled  by  a  lever  in  the  vehicle's  cab. 


QUESTION  20. 

??£???.  ??????????  ????????????????????? 
7  How  is  the  winch  powered?  ? 
?  a.  By  a  lever,  in  the  driver's  cab.  ? 
?  b.  By  a  propeller  shaft  from  the  power  take-o^f .  ? 
t        c.    Both  "a"  and  "b"  above.  *  ? 

?        d.    Neither  "af"  nor  "b" .  •  ? 

?????.  V?  ?????????????????  ????????????? 


/      ?  - 


( 


Answer  to  previous  question: 

■*         T   4  * 

20.   b.    IX n you*  selected  response  "c",  consider  that  the  question 
asked  -only  how  the  winch  wms  powered,  not  how  it  was 

controlled.  L  \ 


The  propeller  shaft  from  the  PTO  to  the  winch  has  a  universal 
joint  at  each  end.  J)»e  front  universal  (Joint  incorporates  a  shear 
pin  which  prevents  damage  to  the  driving  mechanism  in  the  event  that 
the  wine*  is  overloaded. '  There  is  a  safety  brake  on  the  drum  of  the 
winch  tm  hold  the  load  in  any  desired  position  or  to  hold  the  load 
if  the  /shear  pin  breaks. 


QUESTION    21.  ^ 

f 

????????  *???????^??  ??????????  ?\f  ?  ?????? 


? 

? 
? 
? 

*? 


What  is  the  purpose  of  the  safety  brake  on  the  drum  of  the  winch? 

a.  It  prevents  damage  to  the  driving  mechnism  in  the* event  the 
w^tnch  is  overloaded.  4  ^ 

•b.  it  holds  the  load  in  the  desired  position,  or  in  the  event 

•  that  the  shear  pie:  breaks. 

c'#  Both  "a"  and  "b"  above. 

d.  Neither  "a"  n$x}  "b". 


?  ?  ?  ?  ?"  ?  ??????????????????    ????????  ?  7  i 

\  '.  / 
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This  portion  of  the  lesson,  covering  the  first  two  objec tires,  is 
now  completed.   You  should  be  able  to: 

1.  Select  the  correct  answers  for  aultiple-choice  questions 
which  describe  the  purpose  end  operating  principles  of: 

a.  Universal  joints. 

b.  Propeller  shafts. 

c.  Center  bearings. 

d.  Pillow  blocks. 

e.  Transfer  cases. 

f.  3prag  units. 

g.  Winches.  ' 

2.  Identify  end  locate  the  above*  listed  units  on  an  illustra- 
tion. 


Jr 


s      ning  portions  of  this  lesson  will  be  accomplished  in  the 
vi  Laboratory,  since  it  is  all  performance  on  actual  vehicle  components. 
NBa£ore  going  to  the  laboratory,  however,  check  with  your  instructor 
for  he  may  want  to  administer  a  test  on  this  Programmed  Instruction 
Package. 
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OBJECTIVES 

v  ^Bpou  completion  of  thia  text,  you  wlll.be  able  to  eccoemliah  the  following  ' 
^j^ectlvee  with  85%  accuracy.  !* 

»  ■ 

I*     Given  a  11a t  of  drive  train  functions,  pick  out  thoaa  which  apply 
to  tha  driving  axla  assembly  only. 

2.  Nana  cha  four  major  components  of  tha  driving  axla  eoaembly. 

3.  '    Statu  two  poaalbla  functions  of  Cha  axla  housing. 

4.  Nana  tha  unit  which  glvaa  a  flxad  gaar  reduction  In  a  driving  axla 
assembly. 

.   5.     Nana  tha  two  gaar a  of  a  final  drlva. 

.  6.     Given  tha  number  of  taath  on  a  ring  gaar  and  tha  number  of  teeth  on 
a  pinion  gear,  compute  the  gear  ratio.  '  "*  ' 

7.  State  the  most  covnonly  uaed  final  drlva. 

*  * 

8.  State  the  advantage  of  uelng  a  double  reduction  driving  axle. 

9.  Given  a  11a t  of  troubles,  pick  out  the  two  moat  of ten > occurring  In 
a  final  drive. 

10.  State  the  purpose  of  a  conventional  differential. 

11.  Name  the  three  major  parte  of  a  differential  assembly. 

12.  State  the ^ difference  between  a  full- floating  and  eemlfloatlng 
drive  axle.  J 

13.  Name  the  mechanism  which  makes  it  possible  for  front  driving  axle* 
to  steer  while  driving  the  wheels. 

INSTRUCTIONS 

In  this  programmed  text  you  will  be  given  information  in  small  sections 
called  frames.    After  most  framea  you  will  be  aaked  a  question  or  given  a 
problem  to  solve,  using  the  Information  acquired  In  the  frame  you  juat  read 
or  previous  framea. 

The  correct  answer  for  the  question  will  be  at  the  top  of  the  top  of  the 
page  following  tha  question,  for  maximum  learning.    Solve  the  problem  and 
check  it  over  before  looking  at  tha  "school  solution."   If  you  selected  the 
correct  answer,  pro cede  with  the'  text.    If  you  selected  the  wrong  answer,  go 
back  over  your  work  until  you  find  where  you  were-  wrong  before  proceeding  to 
the  next  frame. 

If  you  cannot  determine  where  or  why  you  made  a  mistake,  ask  your 
Instructor  to  explain  It  to  you. 


So  far  in  tha  court*  you  have  learned  chat  a.  vehicle's  power  la  generated 
by  tha  angina,  and  transferred  through 'the  transmission  and/or  tranafar  case, 
and  than  along  -a  propeller  shaft  to  tha  front  or  rear  axle  aaee*>ly.  ThU 
axle  assembly  la  where  wa  will  bagln  thli  la* ton.  ' 


« 

Driving  axla  aaaeoblies  have  eeveralJ'f unctions.    Thay  ara: 

1.  Holding  the  wheels  on.  — r~ 

2.  Keeping  the  wheels  upright. 

C  - 

3.  Driving  the  wheels.  s>» 

*  i  • 

4.  Giving  a  fixed  gear  reduction.  — ^ 

5.  Changing  the  direction  of  power  SO*'. 

* 

6.  Letting  one  wheel  turn  faster  than  the  other  while  both  are 
receiving  torque. 

7.  Sometimes  supporting  the  .vehicle's  weight. 


Question  1. 

Draw  a  line  through  the  statement  which  in  not  a  function  of  driving  axle 
assemblies . 

A.  Giving  a  fixed  gear  reduction. 

j  -s 

B.  Changing  the  direction  J»f.  power  180°. 

Holding  the  wheels  on  and  upright.  ^ 

i 

D.      Letting  one  wheel  turn  faster  than  the  other  while  both  are 
receiving  torque. 


Answer  to  question  1.  f 

If  you  drew  a  line  through  the  statement  of  letter  B,  you  were  correct. 


Driving  axle  assemblies  consist  of  four  major  components.  * 

1. 

• 

The  axle  housing. 

V 

2. 

The  final  drive. 

3. 

The  differential. 

4. 

The  axle  shafts. 

We  shall 

discuss  each  of  these  in  turn. 

Illustration  Panel 

Refer  back^o  this  panel  to  relate  each  of  the  major  components  to  the  c 
plete  driving  axle  assembly* 


Axle  Housing 


The  axle  housing  is  usually  made  of  • tamps d  steel  parts  vsldsd  together, 
or  the  csntsr  sectio?  miy  bs  mads  of  cast  at  sal.  Two  basic  typaa  of  housings 
have  baan  us  ad. 

The  Banjo  type  (in  vlda  ^iae)  is  so  called  because  of  Its  resemblance 
to  the  musical  instrument. 


Banjo  Type  Axle  Housing 

The  split  type  (little  used)  is  so  called  because  it  consists  of  3 
pieces  bolted  together  which  may  be  unbolted  and  "split1*  apart. 


Split  Type  Axle  Housing 


Question  2. 

4 

Fill  in  the  blank  space  with  the  correct  one-word  answer* 
The  axle  housiug  which  is  most  widely  used  in  vehicles  today  is  called  the 
 _^_^__„  type.  . 


Answer  to  question  2.  '  Banjo 

-  1-3  —  =     V  ; 

The  purpose  of  the  axis  housing  is*  to  he  use  ths  axis  shafts  and  deferen- 
tial components  and  provide  a  lubrication  bath  for  then.    Sometimes  they  are 
called  on  to  support  some  of  the  vehicle's  weight. 


Question  3.  / 
True  or  False 

The  axle  housing  supports  the  vehicle's  weight  and  drives  the  wheels. 


The  only  maintenance  that  is  normally  required  for  axle  housings  is  to 
periodically  inspect  .its  fluid  level  and  to  insure  that  its  vent  is  not 
stopped  up. 


Question  4.  * 

What  could  happen  to  an  axle  housing  as  the  result  of  a  stopped  up  vent? 
Select  the  best  answer. 

A*      The  lubricant  would  not  recede  proper  cooling. 

B.      The  housing  seals  would  start  to  leakT 

i  C.      The  wheels  would  become  hard  to  turn. 

t 

D*  r  Axles  would  not  receive  proper  lubrication. 


4 


Answer  to  quaatlon  3.  t 


False 


Answer  to  question  4.  B  -  Frtiiurt  fsom  tforaal  hut  expansion  of 

lubricant  and  gam  in  the  housing  would  seen,  past  the  housing  aaala  If 
thara  was  no  venting  action.    You  should  have  remembered  this  from  previous 
lessons.  .  *' 


-  Final  Drive 
The  final  drive  seVves  two  purposes  . 

1.  It  provides  a  mechanical  advantage  (fixed  gear  reduction)  from  the 
propeller  shaft  to  the 'rear  axle* 

2.  It  turns  the  power  flow  at  right  angles  from  the  propeller  shaft 
to  the  axle  shaft. 


DIRECTION  OF 
POWER  FLOW 


t 


PROPELLER  SHAFT 


AXLE  * 


f 
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In  passenger  cars  the  final  drive  conaiata  of  a  pair  of  spiral  bevel 
gears  called  Che  ring  and  pinion  gears. 


PINION  GEAR 


CONNECTED  TO 
AND  DRIVEN  BY 
PROPELLER  SHAFT 


RING  GEAR 
'CONNECTED  TO  AND 
WIVES  DIFFERENTIAL 
CASE  . 


question  5. 
True  or  False 


The  connection  provided  by  the  ring  and  pinion  gears  changes  the  direction  of 
tKe  power  through  90°  to  the  driving .axles  from  the  propeller  shaft. 


The  8ear  reduction  in;a  single  reduction  driving  axle  is  obtained  by 
making  the  ring  gear  larger  and  having  more  teeth  than  the  pinion  gear.  In 
order  to  obtain  a  reduction  q£  3  to  ly,  the  ring  gear  must  have  3  times  as 
many  teeth  as  the  pinion.    For  example,  if  the  pinion  gear  had  10  teeth,  the 
ring  gear  would  needjO  teeth  for  a  3:1  ratio.  ** 


Question  6. 

If  a  pinion  gear  has  12  teeth,  how  many  teeth  must  the  ring  gear  have  for  a 
4:1  ratio? 

A.      5h  teethe  ' 


B. 


36  teeth.  ** 


C.  48  teeth. 

D.  42  teeth. 


4i:> 


9 


4/3 


 ^  —  

* 

'  K 

Anawtr  to  question  6,     4  n 

c  V 

• 

A  popular  rule  for  determining  a  gear  ratio  Is  to  divide  the  number  of 
teeth  on  the  driven  gear  by  the  number  of  teeth  on  the  drive  gear.    In  the 
case  of  the  final  drive*  unit,  the  pinion  gear  Is  the  drive  and  the  ring  gear 
is  the  driven  gear.  '•  , 


Gear  ratio 


Example : 


Number  teeth  driven  gear  (ting) 
Number  teeth  drive  gear  (pinion) 


Ring  gear  48  teeth. 
Pinion  gear  13  teeth. 


3.692 
13/48.00 
39 
90 
78 

120  t 
117 
30 


Rounded  off  co  the  nearest  hundredths 


3.69 


Therefore,  the  .gear -ratio  is  3.69:1  meaning  that 
the  pinion  gear  must  turn  3/T69  times  in  order  to 
drive  the  ring  gear  around/^nce. 


Question  7. 

'Given  a  ring  gear  with  47  teeth  and  a  pinion  gear  with  12  teeth,  what  is  the 
gear  ratio  to  the  nearest  hundredth? 

A.  4.11:1 

B.  3.90:2  , 

C.  2.83:1 

D.  3.92:1 
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Answer  to  question  7. 

 ^ 

D 

*  4 

Thre*  »*Jor  types  of.  final  drives  have  been  used  over  the  years 
che  very  earliest  was  the  Sour  Bsve|.  ' 


One  of 


SUH  KVEL  <2AA 


Its  major  advantage  was  that  It  was  simple  to  maiufca 
advantages  were  that  it  was' noisy  and  not  overly  strong. 


cturq.     Its  dis- 


Later  engineers  changed  the  shape  of  the  gears  and  made  them  Spiral  Bevel 


>IRAL  SEVEL  GEAR 

this  type  of  gear  was  quieter  and  stronger.  It  was  used' until  1948 
After  1948  engineers  introduced  the  hypoid  type,  final  drive. 


—        MVPOIO  QCAA 
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It  wa*a  quite,  smooch,  and  strong.  %Also  by  observing  ths  illustration, 
you  can  see  that  the  sashing  point  of  tha  ring  and  pinion  gaar  is  below  the 
centerline  of  tha, ring  gaar.    This  allows  the  whole  drivalina  to  ba  lowered 
and  the  vehiclt  may  set  lover  to  the  ground  without  an  unusually  large  tunnel 
or  "hump"  in  the  floorbofcro"  to  accommodate  the  propeller  shaft.    Also  the 
pinion  could  now  be  setting  in  lubricant  al  all  times  in  the  hypo id  type 
drive,  while  the  spur  bevel  and. 'spiral  bevel  were  lubricated  by  the  splash 
system.    The  hypo id  type  final  drive  is  the  one  most  vehicles  use  today. N 


Question  8. 

Why  is  the  hypoid  type  final  drive  used  today? 


A.  *  It  is  strong. 
w     B.      It  is  quia^^ 

C.  It  is  better  lubricated* 
0.      All  of* the  above*  \ 


/ 


f 


r 


\ 
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Answer  to  question  8. 

• 

D 

t 

w 

• 

J 

i 

\ 

A  double  reduction  driving  axle  haa  a  spur  pinion  gear  and  a  apur  drlva 
gaar  In  addition  to  the  baalc  gaar  ayatan  uaad  In  a  single  reduction  driving 
axla.    In  tha  doubla  reduction  driving  axle,  the  spur  drlva  gaar  la  tha 
largeat  gaar  and  tha  differential  gear  aaaembly  la  mounted  on  or  lnalde  the 
spur  drive  gear  instead  of  the  ring  gear.    The  relationahlp  of  the  other 
components  is  basically  the  same  in -both  the  single  and  double  reduction 
driving'  axles . 


m 


AXLE  HOUSI 


DIFFERENTIAL 
AXLE  OR  SIDE  GEAR-v    FINION  GEAR 


SFU£  GEARS 


AXLE  SHAFT 


DRIVE  PINION 
-GEAR  4 


RING  GEAR 


•1! 


:  i 


10 


ERIC 


V77 


The  gear  reduction  in  a  single  reduction  driving-axle  is  obtained  by  making 
the  ring  gear  larger  than  the  pinion  gear  and  having  more  gear  teeth  than  the 
pinion  gear.    In  order  to  obtain  a  reduction  qj  6  to  1,  the  ring  gear  must  be 
six  time*  as  large' /es  the  pinion  gear.    If  the  pinion  gear  were  four  inches 
in  diameter,  the  ring  gear^  would  have  to  be  twenty-four  inches  .in  diameter. 
A  differential  housing  under  a  vehicle  that  was  more  than  twenty-four  Inches 
in  diameter  would  cause  a  .good  deal  of  trouble,. so  a  double  reduction  driving 
la  would  be  better ...  To  obtain  the  same  gear  reduction  the  pinion  gear  could 
e  the  same  four  Inches  in  diameters  the  ring  gear  could  be  eight  Inches  in 
diameter,  the  pinion  spur  gear  could  be  three  inches  in  diameter  and  the  spur 
drive- gear  could  be  nine  Inches  In  diameter.    This  arrangement  would  give  a 
gear  ratio  of  6  to  1  and  the  largest  gear  only  nineee  inches  in  diameter. 


r 


Question  9.  "  v  J '  , 

What  Is  the  adyantage  of  using  a  double  reduction  driving  axle? 

A.  It  provides  six  times  the  amount  of  gear  reduction. 

B.  It  eliminates  the  need  for  a  ring  gear.. 
It  provides  a  large  gear  reduction  with  smaller  diameter  gears. 


C. 
D. 


It  places,  thfe  stressed  "caused  by  turning,  skidding,  wheel  wobble, 
and  "the  weight  of  the  vehicle  on  the  axle  housing. 


Answer  to  question  9. 

* 

.  C 

* 

Two  troubles  In  roar  axle  gear  assemblies  are  tasr  runout  and  backlash. 
Gear  runout  la  aithar  a  crookad  gaar  or  a  gaar  not  mounted  straight  on  tha 
•haft  or  In  tha  housing.    Backlash  la  cauaad  by  a  gaar  moving  back  from  Ita 
proper  position  bacauaa  of  waar.    Both  of  thsss  troublaa  can  ba  checked  for 
by  lightly  coating  tha  surf aeaa  of  tha  gaar  taath  of  ona  gaar  with  red  lead 
or  prusslan  blua,  turning  tha  gaar,  and  obaarvlng  tha  typas  of  gaar  tooth 
contact  that  may  ba  observed.    Tha  "heel"  of  a  gaar  la  toward  tha  outer  adgs 
of  tha  gaar  and  tha  "toa"  of  a  gaar  tooth  Is  toward  tha  cantar  of  tha  gaar. 

HSU  NUMBS  COHUCT 
net  or  TOOTH  TO 
COSSKT  TWSJ  MOVf 


COTSKT 
.TOOTH  OOMUCT 


SNORT  NKLCOmCT 
ONHBL  OF  TOOTH 

WOVC  SP^LSCWTOSMW 


SttUNf  COSMKT 
•AC  FLASH. 


LOW  HARROW  CONTACT 
OS 

TO 


UNTIL  CONSCT  COVCM 
FUNK  OF  TOOTH  WITHOUT 

fmon  to  mam  cosscct 


SHORT  701 1 
ONTO!  OF 
TQCOHRICT  THA 

MOVf  FWKM  TOWARb 
BCmOURTO  AOAJH 
SECURE  CONNECT 

sacklasm. 


UNTXCONTSCT  COMES 
TO  FULL  SORRSS)  OCFTH 
OF  OUR  TOOTH  WITHOUT 
BREAJSMS  CONTSCT  AT 
FUVSLMOVE  SEAN  TOWARD 
FfSQN  TO  SCURt  CONNECT 


Gear  runout  (crooked  gear)  will  show  up  as  low  narrow  contact  on  one 
part  of  the  gsar  and  high  narrow  contact  on  the  opposite  part.    Excess iva 
backlash  of  the  pinion  gear  will  show  up  as  short  heel  contact  if  It  has  . 
backed  away  from  the  ring  gear  and  short  toe  Contact  If  It  Is  in  too  f sr 
toward  the  rl^g  gear.    Excessive  backlash  of'the  ring  gear  will  show  up  as 
low  narrow  contact  If  it  Is  too  close  to  the  pinion  gear  and  high  narrow 
contact  if  it  is  too  far  away  from  the  pinion  gear. 


Another  way  gear  runout  and  backlash 
may  be  checked  is  by  using  a  dial  Indicator. 


Your  Instructor  will  demonstrate  to 
you  how  this  is  done,  and  will  give  you  a 
chance  to  perform  this  check  yourself. 


Dial  Indicator 


9 

ERIC 


1?}  4 


Quastlon  10. 

What  is  tha  purpose  of  a  gur  tooth  contact  cfeack? 

A.  To  dttttftlat  if  tha  pro  par  gaars  ara  lnatallad. 

B.  To  datact  gaar  runout  or  backlaah. 

C.  To  datarmina  If  tha  raar  axla  it  noisy. 

D.  To  datarmlna  if  a  singla  or  doubla  raduction  axla  is  baing  uaad. 

Quastion  11. 

Whan  a  gaar  is  too  closa  to  or  too  far  away  from  tha  gaar  it  should  maah 
with,  what  is  tha  troubla? 

A.  Gaar  runout. 

B.  Gaar  tooth  contact. 

C.  Ring  gaar  mashing  with  pinion  gaar. 
0.  Gear  backlash. 

Question  12. 

t 

* 

What  can  be  dona  to  detect  gear  runout  or  backlash? 


Drive  the  vehicle  and  measure  the  type  of  vibration. 

B.  Perform  a  gear  tooth  contact  check. 

C.  Drive  the  vehicle  and  measure  the  amount  of  noise. 

D.  Drive  the  vehicle  wheels  on  a  lift^and  observe  the  operation  of  th 
rear  axle  from  underneath. 


13 


Answer  to  question  10.  B 
Answer  to  question  Hi  ft 
Answer  to  question  12.  B 


Conventional  Dif ferentiale 

If  all  the  roads  that  vahlclaa  had  to  traval  vara  straight ,  wa  would  not 
naad  a  differential,  but  sooner  or  latar  all  vehicles  oust  turn  a  cornar  or 
curve.    Whan  thla  happens,  tha  wheel  on  tha  outs Ida  of  tht  curva  nuat  traval 

farthar  than  tha  whaal  on  tha  Insida  of  tha  curva. 

« 

An  axampla  of  this- Is  two  vahlclaa  rounding  a  curva  togathar.  Tha 
vahlcla  on  tha  outs Ida  must  traval  faatar  than  tha  ona  on  tha  inalda  in 
ordar  to  keep  up. 


Tha  purpose  of  tha  diffarantlal  therefore  is  to  allow  ona  whaal  to  turn 
faster  than  the  other,  and  at  the  sane  time,  still  transfer  power*  from  the 
propeller  shaft  to  the  axlea. 


14 


•  ■ 

The  majority  of  differentials  are  composed  of  the  following  maflor  parts. 
1.     A  differential  carrier  or  taae. 


/  * 


2.     Two  differential  spider  gaara  mount ad  on  a  differential  pinion  shaft. 


Question  13* 

What  ire  the  major  parts  of  the  differential? 

A.  Differential  carrier,  differential  side  gears,  pinion  case. 

B.  Differential,  pinion  gear,  ^rlng  gear,  axle  shafts. 

C.  Pinion  case,  axle  gears,  wheels 

D.  Differential  carrier,  differential  spider  gears,  axle  gears. 


Answer  to  question  13.  D 


The  differential  carrier  ie  connected  to  and  driven  by  the  ring  gear . 


KINO  Gl At 


PINION  GEAt 


DlFPttENTI  Al 
CAtttEt 


Question  14. 

Do  you  still  remember  what  drives  the  ring  gear?    Write  in  your  answer  hare 


The  differential  carrier  drives  the  differential  pinion  shaft.  The 
differential  pinion  shaft  drives  the  differential  pinion  gears.    These  pinion 
gears  are  free  to  rotate  on  the  shaft. 


RING  GEAt 


PINION  OCAt 


DIFFERENTIAL 

PINION 

SHAFT 


DIFFERENTIAL 
•PINION 
OEAtS 


DIFFERENTIAL 
CAtftlEft 
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Answer  to  question  14, 


The  pinion  gesr. 


The  two  pinion  gears  are  in  mesh  with  and  drive  the  two  side  or  axle 
gears.    The  axle  gears  are  splined  Co  and  drive  the  axle  shafts,  and  therefore 
the  wheels . 


■  inG  CfAt  -v  /^oiivi  pinion 


TO  WHEELS 


e\#^|^ 


Y 


m 


DEFERENTIAL 
ftNlON 


AXLE  SMAfT 


SIDE  OR   AXLE  GEAR 


RENTIAL 
CARRIER 


1         When  the  vehicle  rounds  a  curve,  the  differential  pinion  gears  rotate  on 
their  shaft  transmitting  more  rotary  motion1 to  one  wheel  than  the  other.  When 
both  wheels  turn  at  the  same  speed,  the  differential  pinion  gears  do  not  ro- 
tate on  their  shaft. 


Question  15. 

What  unit  in  a  driving  axle  provides  for  the  differences  in  speed  of  the 
wheels? 

A.  Differential  gear  assembly-  K 

B .  Ring  gear. 

C.  Pinion  gear. 

D.  Ring. and  pinion  gear  assembly 


45 '2 

*    V  yj 
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Answer  to  question  15. 

t 

■ 

A 

* 

i 

4 

Observe  In  the  illustration  to 
the  right  thst  in  normal  straight 
ahead  driving,  the  axles  rotate  at 
the  same  speed  as  the  ring  gear. 
The  left  illustration  below  shows 
the  left  axle  turning  slower  and 
the  night  axle  turning  faster  than 
the  ring  gear  in  a  left  turn.  The 
right  illustration  below  shows  the 
left  axle  stopped  and  the  right 
axle  turning  twice  the  speed  of 
the  ring  gear  as  in  mud  or  ice. 


0 


ftING  GEAR  SPEED 


''///////. 


RING  GEAR  SPEED 
LESS  THAN  RING  GEAR  SPEED 
MORE  THAN  RING  GEAR  SPEED 


RING  GEAR  SPEED 
MORE  THAN  RING  GEAR  SPEED 
STATIONARY 


/ 


18 


ERIC 


Axle  Shafts 


The  axle  shafts  are  the  parts 'pf  the  drive  axle  assembly  which  transmit 
torque  from  the* differential  gears  to  the  wheels.'   In  some  cases  they  also 

help  support  the  weight  of  the  rehicle . 


Question  16. 
True  or  False  ■ 

The  axle. shaft  transmits  torque  from  the  differential  gears  to  the  wheels. 

\ 


There  are  two  main  types  of  drive  axles  used  on  general  purpose  vehicles. 
They  are  the  semifloating  axle  and  the  full-floating  axle.    The  difference 

between  the  two  has  to  do  with  the  duties'  imposed  oh  the  axle  shaft. 


The  semifloating  axle  is  Used  mainly  on  passenger  cars  and  light  trucks . 


WHEEL  ATTACHES  TO 
END  OF  AXLE 


AXLE  HOUSING 


AXLE  OR 
SIDE  GEAR 


AXLE  BEARING 


DIFFERENTIAL  CARRIER 
BEARING 


In  the  semifloating  axle,  the  axle  shaft  itself  supports  much  of  the 
vehicle  weight  (the  wheels  are  attached  to  the  ends  of  the  axle)  as  well  as 
propelling  the  vehicle.    The  axle  bearings  in  a  semifloating  axle  are 
located  between  the  axle  shaft  and  the  inside  of  the  axle  housing. 


(  

■ 

* 

\ 

# 

Answer  to  question  16. 

True 

Question  17. 

Fill  in  the  blank  spaces  with  the  correct  answers. 

Most  oPfhe  weight  of  a  Vehicle  equipped  with  a  sanifloating  axle  is 
supported  by  the  v 


The  full-floating  axle  is  used  mainly  on  trucks,  3/4  ton  and  heavier. 


FLANGE  TO 
WHEEL  BOLT 


WHEEL 
1 


AXLE  HOUSING 


AXLE  SHAFT 


1 


WHEEL  BEARINGS 


WS/SS/SSS///S/S//SS//S/S///S//// 


AXLE  OR 
SIDE 


1 — AXLE  FLANGE 


222222 


In  the  full-floating  type  drive  axle,  the  axle  itself  does  not  carry 
any  of  the  vehicle's  weight.    Its  only  purpose  is  to  propel  the  vehicle. 

The  weight  of  the  vehicle  is  supported  by  the  axle  housing  (on  which 
the  wheel  turns) . 

The  axle  bearings  in  a  full-floating  drive  axle  are  located  between  the 
wheel  and  the  outside  of  the  axle  housing. 

Because  the  full-floating  type  drive  axle  does  not  carry  any  of  the 
vehicle  weight",  it  may  be  removed  without  jacking  up  the  vehicle. 
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Answer  to  question  1>.  „  axle  shafts 


Question  18. 

What  type  rear  driving  axle  baa  all  of  the  weight  of  the^vehicle  and  the 
stresses  caused  by  turning,  skidding,  and  wheel  wobble  on  the  axle  shaft? 

A.  Plain. 

B.  Semi floating. 

C.  Full  floating. 

0.      Three-quarter  floating-. 
Ques  tion  19 . 

What  type  rear  driving  axle  has  all  of  the  weight  of  the  vehicle  and  the 
stresses  caused  by  turning,  skidding,  and  wheel  wobble  on  the  axle  housing? 

A.  Three-quarter  floating. 

♦ 

B.  Full-floating. 

C.  Semifloating.  > 

D.  Plain. 

* 

\    ■  .  . 


Adiwk  to  question  18*  B 
Aamrar  to  quMtltfb  19  •  fB 

V 

"**Ne-- 

4 

\ 


\  1 

Front  Driving  Axles 

Some  heavy  duty  vehicle*  have  driving  axles  in  the  front  as  well  as  the 
rear.    The  primary  difference  between  front  and  rear  driving  axles  is  that 
£ront  driving  axles  must  have  a  means  of  steering.    This  is  accomplishes^ 
through  steering  linkage  and  steering  knuckle  pivots  in  the  axle  housTtiw^L 
Since  the  axle  must  be  capable  of  propelling  the  vehicle  while  the  wheels^ r 
are  turned,  it  must  have  a  universal  jb^at  at  each  steering  knuckle  pivot. 
Standard  U-joints-  like  those  used  on  a  propeller  shaft  'cause  jerking,  hard 
steering,  slippage,  and  tire  wear  on  turns;  therefore,  It  Is  desirable  to 
use  a  constant  velocity  U-jolnt  In  front  driving  axles.    Some  vehicles  use 
standard  U-jolnts  in  front  driving  axles  despite  their  disadvantages . 


The  illustration  below  shows  the  principal  o#rts  of  the  outer  section 
of  a  front  driving  axle.    Using  this  illustration  and  your  knowledge  df  rear 
driving  axles;  determine  the  differences  between  front  and  rear  driving  axles . 

.  4 


HUB  AND 
DRUM 


STEERING  KNUCKLE  PIVOT 


AXLE  SHAFT  , 
INNER  PORTION 


TO  DIFFERENTIAL  GEARS 

CONSTANT  VELOCITY 
UNIVERSAL  JOINT 


AXLE  SHAFT, 
OUTER  PORTION 


BALL  HOUSING 
( SPHERICAL  END  OF  HOUSING) 
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Question  20.  ■     ^  , 

Wh^t  is  the  primary  difference  between  frqrft  driving .  axles  and  rear  driving 
axles?  ■        +%  -  - 

1  I  ■  , 

A.  *  Rear  driving  axles*  have  a  larger  ring  gear.  , 

B.  Front  driving  axles  use  double  reduction  .to  give  more  torque.  . 

C.  Rear  driving  axles  have t gears  that  provide  for  the  differences 
in  speed  of  the  wheels  an  turns. 

D.  Front  driving  axles  have  constant  velocity  universal  Joints  to 
permit  turning  while  providing  power. 

Question  21. 

What  provides  the  flexible  connection  iti  a  front  driving  axle  housing? 
A.      Steering  knuckle  pivot  and  ball  housing,  f 

t  * 

■   B.   *  Constant  velocity  universal  joint.  ^        '  — 

C.  Ring  and  pinion  gears . - 

D.  Differential  gears. 


There  are  three  types  of  constant  velocity  U-Joints  iJn  common  use. 
They  are:    Rzeppa,  Tracts,  and  Bendix-Weiss .  "t 

-  »  I 

The  Rzeppa  type  U-joint  has  steel  balls  that  provide  a  connection 
between^the  inner  race  and  the  outer  race.  ^ 


s/ui  cad 

(1  bF  6| 


.The  Rzeppa  U- Joint  has  an  inner  race  mounted  djn  the  end  of  the  inner 
axle  shaft  and  an  outer  race  mounted  on  the  end  of  the  outer  axle  shaft. 
The  steel  balls  are  mounted  in  a  cage  and  move  as  necessary  to  provide  a 
flexible  connection  between  the  inner  and  outer  races. 
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Answer  to  question  20. 
Answer  co  quo*  t Ion  21. 


D 
B 


The  Bendlx-Welss  typo  U-Joint  has  itttl  balls  that  provido  a  connection 
between  two  yokes.  — — — — 


The  Bendix-Weiss  U- joint  has  a  driving  yoke  on  the  end  of  the  inner  axle 
shaft  and  a  driven  yoke  on  the  end  of  the  outer  axle  shaft.  .The  steel  Sails 
move  as  necessary  to  provide  a  flexible  connection  between  the  two  yokes. 


The  Tracta  type  U-joint  consists  of  four  main  parts:    a  forked  driving 
ahaft.  a  forked  driven  shaft,  a  female  (outer)  joint,  and  a  male  (Inner)  / 


joint 


_*XLf  SWT 


«"CI»  PORTION 


**U  SWT 


****9M.  JOINT  W«|  P&TKH 


The  Tracta  U-Joint-has  forks  on  the  end  of  both  the  inner  and  outer  axle 
shafts.    The  fork  of  the  inner  axle  shafts  fits  into  slots  in  the  male  (or 
spigot)  Joint  and  the  fork  of  the  outer  axle  shaft  fits  into  slots  in  the 
female  (or  slotted)  joint.    The  male  and  female  Joints  move  as  necessary  to 
provide  a  flexible  connection  between  the  forks  of  the  inner  and  outer  axle 
sha'fte* 
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I, 


Th«  Cardan  type  U-Jtfint  is  not  a  cons  taut  valocity  U- joint.    It  Is  a 
standard  typs  U- Joint  as  usad  on  vshiela  propallar  shafts.   Howavsr ,  s< 
vahiclas  do  usa  than  on  Chair  front  driving  axlas. 


'JOURNAL 
FLANGE  YOKE 


r 
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Questions 

* 

Hatch  th«  following  typos  of  univaraal  joints  with  choir  ill attrition. 

22.  Bsndix-Wolsa  constant  velocity  U-joint. 

23.  ftzsppa  constant  volooity  U-joint. 

24.  * Tracta  constant  velocity  U-joint. 

25.  foOT  a  constant  valocity  U-joint. 


/ 

/ 

Anavtr  to  question  22, 

C 

/ 

Axmmt  to  question  23. 

B 

Answer  co  question. ah* 

* 

* 

Answer  to  question  25. 

• 

A 

<  f 


4  5  J 
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FOREWORD 

This  programmed ' text  was  prepared  for  use  in  Course  3ABR47131  (now 
47330)  Automotive  Repairman,  in  1965.    The  materials  contained  herein  were 
validated  with  30  students  from  the  subject  course.    All  students  used  in  * 
the  validation  exercise  achieved  the  objectives  as  stated.    The  taxt  has 
been  in  continuous  use  for  the  past  five  years  and  has  trained  about  3500 
students.    The  text  is  considered  to  be  still  valid. 

OBJECTIVES 

Upon  completion  of  this  programmed  text  you  will  be  able  to  accomplish  the 
following  objectives  with  80Z  accuracy. 

1.  Given  a  diagram  of  the  anti-stin  unit  components,  write  the  name 
of  each  component  in  the  space  provided  by  it. 

2.  State  in  your  own  words  the  main  purpose  of  the  anti-spin 
differential. 

3.  Describe  the  operation  of  an  anti-spin  differential. 

INSTRUCTIONS 

This  programmed  text  was  designed  to  be  used  in  the  Automotive  £P<*™"' 
course.    It  is  written  in  small  segments  called  frames.    After  «<h  frame,  you 
will  be  required  to  respond  in  some  way  to  the  information  given.    Follow  the 
instructions  after  each  frame  and  always  check  your  answers  which  are  located 
at  the  top  of  the  next  page.    If  you  need  assistance,  your  instructor  will  be 
nearby  to  help  you. 


Frame  1 


In  the  conventional  differential,  the  torque  to  the  two  axle*  is 

evenly  divided  at  all  cimes.  A  fault  of  the  conventional  differential  is 
that  if  one  driving  wheei  loses  traction  and  spins,  the  other  wheel  which 
has  more  traction  remains  stationary  and  does  not  drive  the  vehicle. 


QUESTIONS  ' 

indicate  whether  the  following  statements  are  true  or  false. 

1.  Equal  traction  is  supplied  to  both  rear  wheels. 

2.  The  wheel  with  the  greatest  traction  will  spin  when  power  is 
applied. 

3.  Power  to  a  conventional  differential  is  always  the  same  to  both 
axles . 


* 

> 


it 


Answers  to  Frame  1. 

1.    F        2.    F       3.  T 


Frame  2 

The  main  purpoae  of  the  anti-spin  differential  is  to  supply  a  greater 
percentage  of  the  driving  torque  to  the  wheel  with  the  best  traction  and 
still  furnish  the  wheel  with  poorer  traction  as  much  torque  as  it  is  able 
Co  absorb. 


QUESTIONS 


Indicate  whether  each  of  the  following  statements  are  true  or  fals 


Both  wheels  receive  the  same  torque  regardless  of  traction. 


5. 


The  greatest  power  goes  to  the  wheel  that  can  use  it  best. 


6. 


The  wheel  with  the  poorer  traction  is  provided  some  power. 


ERIC 


Answers  to  Frame  2. 


4.     F       5V   T       6.    T  \ 


Frame  3 


/ 


The  anti-spin  differential  prevents  "shock  loads"  or  full  engine  torque, 
from  being  transmitted  to  only  one  axle  shaft.    It  provides  power  to  both 
rear  wheels  and  also  maintains  the  differential  action  that  is  needed  when 
the  veh'icle  is  turning  a  corner,  that  is,  it  permits  the  outer  wheel  to 
turn  faster  than  the  inner  wheel.  f 


-QUESTIONS 

Indicate  whether  each  of  the  following  statements  are  true  or  false . 
The  anti-spin  differential 

7.      has  the  same  ability,  in  turns,  as  a  conventional  differential. 

3.       provides  power  to  both  axle  shafts  at  the  same  time. 

9.      only  provides  power  to  the  axle  shaft  with  the  greatest  traction. 


\  1 
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Answers  to  Frame -3. 

7.    T       8.    T       9.  T 


93' 


Frame  4 


•  UTTON  CNO 


FlANGE 
£N0 


This  is  the  case  for  an  anti-spin  differential. 


Fill  in  the  blank  spaces  with  the  correct  word. 

10.  The  case  for  an  anti-spin  differential  is  made  in 
(number)  parts* 


11 ,      They  are  referred  to  as  Lhe 


and  the 


end 


•1<:  < 
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Answers  to  Frame  A. 
10.     wo       11.    button  and  flange 


Frame  5 


V. SHAPED  SLOTS 


(  k 


On  each  half  (end)  of  the  case,  are  two  (2)  V-shaped  slots. 

Fill  in  the  correct  word.  * 

12.      The  illustration  above  pictures  the  ^  end  of  the 

differential  case.     On  each  end  of  the  case  there  are  two    shaped  slots 


\ 


^4 


4  7- 


1  Answers  to  Frame  5 . 
12.    flange  and  "V" 


Frame  6 


c»oss 

SHAFTS 


A  cross  shaft  rests  on  thes~e  V-shaped  slots.     This  cross  shaft  is 
not  rigidly  fastened  together. 

Cross  out  the  incorrect  word. 


13.      The  cross  shaft  is/is  not  rigidly  fastened  together. 

I 


Answer  Co  Frame  6* 
13*     is  not 


Frame  7 


Case  with  pinion  cross  shaft  in  place. 

Fill  in  the  correct  word. 

14,      The  anti-spin  differential  has    (number)  pinion  gears 

mounted  on  a   i   . 

( 

V 


Answers  to  Frame  7. 
14.    four,  cross  shaft 


Frame  8 


ClOSS 
SHAFT 


IfVCL  UNION 
MATE  OlA* 


SIDE  GEAt 
UNO 

On  each  side  of  the  pinoin  cross  shafts  are 
1*      a  bevel  pinion  mate  gear. 

2.  a  side  ring  gear. 

3.  clutches. 


CLUTCHES 


.Fill  in  the  correct  word. 


> 


15.  In  the  illustration  above,  the  bevel  pinoin  mate  gear  is  in  mesh 
with  the   gears. 
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Answer  jco^wfw  8. 
15.  pinion. 


Frame  9 


* 


There  are  two  different  types  of  clutches 


CLUTCH  PIATC 


Externally  spllned 
clutches  called 
clutch  flates. 


clutch  OISC 


Internally 
spllned  clutches 
called  clutch 
discs.  - 


Fill  in  the  correct  word. 

16.  There  are  two  different  types  of 
clutch  and  clutch  ^  


They  are  called 
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Answers  Co  Frame  9. 

16.    dutches,  plates,  disc 


Frame  10 


^  .      CLUTCH  PLATES 

S.Of  UNO   <W'™  TAiS> 
GEAR 


CASE 


S^tlNIO  DISCS 


Two  of  the  clutch  discs  are  sp lined  to  the  outer  splines  of  the  side 
ring  gear.    They  spin  freely,  until  pressed  between  the  clutch  plates,  which 
are  held  to  the  differential  case  by  tabs* 


Fill  in  the  correct  word*  ( 

17.  Clutch  plates  are  splined  to  the  differential 
Clutch    are  splined  to  the  side  ring  gear. 


47.5 


10 


Answers  to  Frame  10. 
18.    case,  discs 


r 


Frame  1 


The  axle  fits  into  the  internal  splines  cut  into  the  side  ring  gear. 


AXLE 


INTMNAl  SPUNES 


Fill  in  the  correct  words. 


19.      The  axles  are  driven  by  the 
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Answer  to  Franc  11. 
19.    side  ring  gear 


Frame 12 

f 

Now  that  we  hive  covered  ell  of  the  components  of  an  anti-spin 
differential,  let's  put  them  all  in  their  proper  places.    Below  is 
presented  an  exploded  view  of  the  anti-spin  unit.    The  rear  axles  slide 
through  the  openings  in  the  end  of  the  case,  through  the  clucch  discs, 
and  mate  with  the  Internal  splines  of  the  side  ring  gear. 
t 


Q 


Identify  the  lettered  components. 

20-      A*  - 

B.  

C.   

D. 
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a) 


12 


E. 
F. 
G. 


47; 


Answers  Co  Frame  12, 

20.    A.  Flange  end  (dif  case) 

*  C.  Side,  riot  ft***  • 

5.  Cross  shaft 

G.  Button  end  (differential  case) 


B.  Clut^he* 

D.  Bevel  pinion  mate  gear 
P.    Plnlotf  gear 


Frame  13 

The  flange  end  of  the . anti-spin  case  is  bolted  to  the  ring  gear  of  the 
differential.    As  the  drive  shaft  of  the  vehicle  begins  to  turn,  the 
anti-spin  case  also  starts  rotating.    Resistance  of  the  wheels  causes  the 
cross  shafts  to  ride  up  the  V-shaped  ramps,  and  puts  pressure  on  the  clutch 
discs.    This  locks  the  discs  together  and  both  rear  wheels  turn  as  if  the 
axles  were  one  solid  shaft.  . 


CLUTCH  DISCS 

SIDE    •  INC 
CEAft 


PINION  CCAK 


CHOSS  SHAPT 


1 


ftfVEl  PINION 
MAT!  GCAt 


CASE 


21.      What  causes  the  clutch  disc  to  lock  together? 

(Write  your  answer  below.) 


13    *  •  .1 


»  r 


Answer  to  Frame  13. 


*  *  * 

21*  Resistance  of  the^  wheels  causes  -cross  shafts  to  rid*  up  the  V-shaped 
ramps  and  squeeze  the  clutches  together. 


Frame  14 


When  the  vehicle  is  turning,  the*  rear  wheel  on  the  outside  of  the  turn 
must  travel  further  than  the  inside  wheel.    In  order  to  do  this,  it  must 
travel  faster.    As  the  vehicle  starts  around  the  turn,  and  the  outside  wheel 
speeds  up,  the  torque  created  by  this  increase  In  speed  allows  the  cross 
shaft  (acting  on  the  outside  wheel)  to  ride*  backdown  the  V-shaped  ramp  and 
release  the  pressure  on  the  clutch  discs>    This  allows  the  outside  wheel  to 
ride  free  in  a  turn. 


Fill  in  the  correct  word.  *  ■ 

22.      The  anti-spin  differential  must  acc  as  a  conventional  differential  ' 
when  the  vehicle  is  ^ 


Y 


if 


1? 


14 


Answer  to  Frame  .  ^ 

27.    turning       »*  •         ,  *  . 


41 


%  •     -o    •  '«  .    .  .  .         Frame  ]>  • 

To  summarize  anti-slip  differential* operation,  it  can  be*  said  that 
during  straight  forward  or  rearward  operation  both  friction  clutches  aje 
engaged  to  p*ov*fde  equal  torque  to  both  rear  wheels;  in  a  turn,  however,  the 
outside  wheel  tuihs  faster  ehan  the  inside  wheel  and  this  causes  one'  friction 
clutch  to  disengage  (the  clutch  that  control^j^ie  torque  to  the  outside  wheel 
of  the  turn)  to  p^ovide^  operational  similar  to.  that  j£  the  conventional 
differential  during  the  turn*  t        .  .* 

\J     '  •   *  , .     •  » .  ( C      v  . 

Straight  rearward  operation  is  the  same  as  forward*  ope  ration  except  that 

all  motion  is  reversed  and  the  cross  pins  move  up  the  opposite  cam  surfaces. 

•  •  '  »  -  ••  , 

■         .     '      '  *  •"' 

When  disassembling  osoreassembling  an  anti-spin  differential,  there  are 

several- important  items  to  remember.  *  A  ^ 

<^  ,  ,  . 

1.      Before  disasseSobly ,  fcribe  th*  two  halves  of  the,case  so  that  they 
will  be  reassembled  correctly.  *  /■  > 

t  '  -  \      «        '  • 

•2..  .After  the  case  bolts  are  removed,  all  internal  pattsVill  "fall" 
out  when  the  case  Jial^es  are  separated.  ' 

3.     "When  replacing  the.  clutches ,  the  concave,  "tabbed"  plates  are. 
always  placed  with  the  other  discs  between  them  and  cupped  toward  *hese  discs 


k.      Before  tightening  the  case  bolts  (when  reassembling),  slide. the 
axles  into  the  case  and  align  the  sp limes  of  the  sid^e  ving  ge*r.    If  this  is 
not  done  v  you -may  .not  be  ab|e-<o  irfseft  the  axles  after  the  case  has  been 

replaced  in  the  differential  housing.1  » 

,  *■ . 

Continue  to  the  self  test  on  the  following  page. 


Circle  your  answafcs  to  the  "following  questions  and/or  problems, 


1.  A.  scribe  man£_  should  be'  placed  on  $he  case  of  the  anti-spiri  *  > 
differential  prior  to  \  •> 

•  a%      removal.  ,  »7 

b.  disassembly.      •  \  *  ► 

c.  reassembly.       '  ► 

*.  '  y  # 

Jk  # 

2.  A  friction  clutch,  disengages  when 

\*  a*      driving  in  reverse*  f  -# 

*,b.      acpeleraiing  rapidly  on,  a  slick' surface, 
c,      octfe  wheel  turns -faster  than  the  other. 

3.  Thf  purpose  of  the  anti-apin  differential  is  to 

i  ^s  4 

-an  .  cause  both  Wheels  to  turn*  at  the  same  speed  when  turning. 
%  b.      provide  the  most    jrque  to  the  wheel  jwith  the  least  resistance 
\        and  differential* action, in  turns.  -  - 

c.      provide  the  most  torque  to  the  wheel 1  of  ferin^^e  beSt  traction 
t  and  differential  action  in  turns.  .  / 

4.  Full  torque  is  transmitted*  to  both-  wheels  when  ' 

a.  both  clutches  are  engaged.  »  - 

b.  both  clutches  are' disengaged . 

>  c.      either  clutph  is  engaged.  -  x 

*  ■* 

5.  When  both  cross  pins  move  "up11  the  ramp  on  the  cam  surf  aces  f  both 
clutches  ,  ■  * 

a.  engage  to  restrict  differential  action.  rl' 

b.  disengage4to  allow  differential  action: 

c.  engage  to  allow  differential  action..  , 


6.*     When  on*  cross  pin  moves  "up"  the  ramps vof  the  caiii  surfaces 

a.  one  clutch  engages  and  the  other  disengages. 

b.  both  clutches  engage  to  restrict  differential;  action. 

c.  both  clutches  disengage  to  restrict  differential* action. 

d.  both  clutches/nisengage  to  allow  differential  action. 

Indicate  whether  each  of  the  following  statements,  are  true  oi  false . 

,       7.      Rearward  operation  of  anti-spin  *dfff ere^als  dfees  no^.recfuce  their 

effectiveness.    "  .  V 

*  >  j  *  . 

  d.      During  rearward  operation,  both,  clutches  di^engagl^  to- relict  tf 

differential  action.  *  t%   y  **•         •    '&tr'  -' 

'          9.      During  rearward  operation,  both  clutches  engage  to  restrict  * 


differential  action.  ".•..•J     *'  <  ^  \ 


>  * 


Using  the  drawing  below,  complete  the  following  statenents. 


r  > 


(b) 


CLUTCHES 

1         2  ' 


*  X 


ICFT  WHEEL 


10.  In  a  right  turn,  clutch  #1  is  (a), 
(b)    ;  -  • 


11.  ■•  In  a  left  turn,  clutch  #1  is  (a). 


RIGHT  WHEEL 

_  and  clutch  02  is 
*  and  clutch  02  is 


-  12.-  During  straight  forward  or  rearward  operation,  clutch  #1  is  . 
(a)  and  clutch  #2  is  (b)   • 


.  4 


J 
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AMVerS  CO  self  test. 


X. 
.2. 
3. 

4.  . 
5. 

6.  . 
7. 
8. 
9. 
10. (a) 

10.  (b) 
tL. (a) 

11.  (b) 

12.  (a) 
12. (b) 


&  • 

c :  ' 

c  • 

A  . 

A 

A 

True 

False 

False 

Disengaged 

Engaggd 

Engaged 

Disengaged 

Engaged 

Engaged 


M  * 
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unit. 

7.  Jiist  the  component  that  holds  a  member  of  the  planetary  gear  unit. 

■  8^  List  the 'device  thatris  used  to  cc^itrol  a  band. 

*  9/.  Lis,t  the  component  that  locks  two  members  of  a  planetary  "gfear  unit 


i 


INTRODUCTION  % 

This  text  is  designed'  to  sssist  you  in  deeming  the  basic  principles  of 
automatic  transmissions .    It  contains  the  components  of  automatic  transmiasiona 
and  their  relation  to  one  another.    However no  effort  is  made  to  teach  con-  ' 
struct ion,  design,  or  maintenance  of  a  particular  transmission. 

« 

:  v  '  OBJECTIVES 

Upon  completion  of  this  text  yon  will  be  able  to  accomplish  the  following 
objectives  with  8SZ  accuracy* 

.  *  '  s- 

1.  Define  the  terms:    torque  -  reduction  -  reverse  reduction  -^direct  # 
drive.  v 

2.  List  the  three  basic  hydraulic  principles  involved  in  the  operation 

of  automatic  transmissions.- 

4  • 

r  • 

3.  List  the  components  and  their  purpose  tff  a  basic  oil  pressure 
system.  —  * 

4.  Label  the  parts  of  a  simple  planetary  gear  unit  in  a  diagram.  f 
5-      List  the  ttfree  functions  of  a  planetafy  gear  unit. 

\    6.      List  "two  rules  that  apply  to  the  control  of  a  simple  planetary  gear 


together.  .  -1 

«   " —  ,  * 

10.      StatP  how  a  multiple-disc  clutch  is  applied  and  released. 

•  -  •  ,■  • 

. 

•  11.      State  the  purpose  of  the  governor  and  what  drives  it. 

t 

12.  State  the  purpose  of  the  throttle  ^alve jarid  what  controls  it. 

13.  State  the  operating  principles  of. the  fluid  coupling. 

14.  List  the  parts  of  the  torque  converter  and  the  function  of  each  part. 

15.  Given  a  diagram  that  illustrates  a  two-speed  transmission,  draw  in  the 
flow  of  mainline,  and  variable  pressures  that;  will  complete  the  upshift  from  low 
to  high  gear. 

16.  State  the' difference  between  a  simple  and  a  compound  planetary  gear 
system. 


4Q- 


) 


ERIC 


r^ere  are  certain  baeic  terms  that  axe  uead  by  ail  parson*  who  work  with 
w*;  train*.    U  order  to  put  ^varyoaa  <*  "j*mf*  &omd*  \  lt  ia,  neceaaary 
co  d«f in«  ttfa^  tCT  »o  avaryona  will  gafi  tha.  aam  ' J  — 

tara  la  uaad. 


1.  Torque  -  a  twieting  force. 

2.  Reduction  ■?  a  torqua  increaae.-with  a  speed  dacraaaa.    (Example:  ;In 
»  standard  transmission  in  low  gear,  tha  torque'  at  the  output  shaft  will  be. 
greater  than  that  of  the  input  shaft,  bur*  the  speed  of  the  output  : shaft  will 
be  slower  than  that  of  the  input*  ahaft.    Conalfequently ,  we  have  given  up  apeed- 
for  power.)     ;**  *  -  -  „  . 

3.  •  Reverse  deduction  -  a  torque  increase  with  a  speed  decreaae,  in  tto  ■ 
opposite  direction.    (Example:*  A  car  backing  up  -  It  haa  great  power  ,in 
reverse,  but  its  speed  is  limited.) 

A.  '  *  Direct  drive  -  a  1'  to  1  geaif  ratio.    (Example:    ih  a  vehicle  traveling 
in  high  gear,  the - input • and  output  shafts  are  both  turning  at^the' same  speed. 

F  * 

5,  Overdrive  -  any  gear  ratio  higher  than  1:1.    (Example:    1:2,  1:3,. 
1:5,  etc.)    Converting  engine  torque  to  a  faster  but  less  powerful  working 

force.  •  .  . 

6.  Neutral  -  input,  but  no  output."  Gears  in  the  transmission  which  are 
in  constant  mesh  with  the  input  are  idling .*  (Turning  but  not  transmitting 
power.)  -  ..A   s  " 

QUESTflOto  1  I  '  '   '  f 

\  -  • 


Match  the  "gear 

ratio  with  the 

proper -term. 

X.  ^3:1 

A. 

Reduction 

2.  2:1 

B . 

Direct  drive 

3.  '  1:0 

C. 

Overdrive 

4.  1:2 

D. 

Neutrals 

* 

5.  3:4 

#■ 

4 

6.**  30:10 

« 

7."  1:1 

* 

* 

* 

♦ 

a 

1 

r 


m 
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4NSHE1S*T0  QUESTION  1 


1.  it 


3.  9 


4.  C 


5.  C 


6.  A 

1J 


1.  B 


HYDRAULIC  PRINCIPLES 

*  # 

*       ^  »  *  * 

'   The  automatic  transmission  utilises  hydraulic  pressure  In  iti  operation. 
Automatic  transmission  fluid  is  used  to  transmit  the  hydraulic  pressure  to  the 
different  parts  of  the  transmission  to  affect  output 'shift  speed,  and  direction 
"changes. 

.The  operation  of  ^automatic  transmissions  Is  based  largely  upon  three'  (3) 
hydraulic  principles.  ►  '* 


PRINCIPLE  NUMBER  ONE 
LIQUID  CANNOT  "BE  COMPRESSED* 


> 


/"  ■ 

'  1 

J 

t 

.HtTOH 

WflOMT 

A 

•m 

Ill 

IP"--  ' 

1*1 

UVfl 
If  MAINS 
THt 

L-  *  •  J, 

•   In  the  illustration  above,  notice  that  the  .level  of  the- liquid  in  the 

two  containers  remains'  the  same  when  weight  is  placed  on^the  liquid  in  one  and 

not  on/the  other.    This  weight,  or  pressure,  did  not  reduce  the  volume  of  the 
liquid. .  This  means  *  that : 


LIQUIDS  CANNOT  BE  COMPRESSED.  . 

PRINCIPLE  NUMBER  TWO 
MOTOR  CAN  BE  TRANSMITTED  BY  LIQUID 


AfFlYIMO 


PISTON 
OUTPUT 


.     J5    •  • 

. "   In  the  above  diagram,  notice  that  when  pressure  moves  piston  'A,"  thev. 

Titiuid  separating  phe  pistons  moves  pis  ton  ♦  "B"  the  same  distance.  This 
that:  ' 


MOTION  CAN  BE  TRANS 

2 


BY  LIQUID. 


I:' 
/ 


Frame  2  (Cont'd) 


PUHTOU  NUMBER  THREE 


4*3 


too  too. 


100  IM.       tOO  IS 

poj  to.  01  *o»oa 


1  SO.  M.  MfOM  AOM 


100  IM. 

m  so* 


In  the  above  diagram,  notice  that  the  applying  foroe  of  100  lba.  exert* 
100  lbe.  of  pressure  on  the  liquid  at  all  gauges,  regardless  of  the  location 
or  size  of  the  passages  to  which  the  gauges  are  attached.    This  mens  that: 

*  4 

LIQUID  UNDER  PRESSURE,  TRANSMITS  * 
PRESSURE  EQUALLY  IN  ALL  DIRECTIONS . 

*  • 

QUESTION  2  ' 

Fill  in  the  words  missing  from  the  principles  listed  below. 

a.  '  Liquid  cannot  be  ; 

b.  Motion  can  be   


by  liquid. 


c.    •  Liquid  under  pressure  transmits  pressure 

A  *  * 


In  all 


^HSUBtt  TO  QUESTION  2s  ; 

zzr.:z~~  "  ~~  — — — : :. 

*       b.  tranaaittad 

v 

c.1     squally  In  all  dlractloaa 

Fras*  3 

Froa  pravloua  laarnlng  axparlaacaa  you  found  that  the  purpcaa  of  any 
tranfaiaaion  was  to  pcovlda  diffarant  gaar  ratios  and  a  ravarslng  *  capability  ' 
through  tha  uaa/of  diffarant  gaar*  arrangaaarita .   As  you  jfcnow,  a  atandard* 
trananisalon  raqulraa  asnual  ahiftlng  of  tha  gaars  to  provlds  tha  diffarant 
forward  speeds  and  ravaraa  capability.    In  tha  automatic  trananisalon,  tha 
gsara  are  navar  ahiftad,  and  yat  tha  autoaatlc  tranaalaalon  will  provida  phaae 
tana  thinga.    This  is  accomplished  through  tha  uss  of  a  gaar  unit  that  is 
graatly  diffarant  froa  tha  gaars  uaad  in  atandard  trsnssass^ons  and  tha  Banner 
in  which  tha  gaar  unit  ft  controlled. 

Thia  oaxt  part  of  tha  leeaon  will  explain  tha  gaar  unit,  ita  controls, 
and  how  it -transmits  torque  froa. tha  drlva  unit  to  tha  raar  wheals. 

Tha  gaara  of  tha  itandard  transmission,  aa  you^Jc&ow  than  froa  paat  laarnlng 
axpariancee,  cannot  ba  uaad  in  tha  autoaatlc  tranaalaalon.    All  autoaatlc 
trananiaalona  nuat  utillza  a  -gaar  unit  which  la  capabla  of  providing  forward 
apaada  aa  wall  aa  a  ravaraa  faatura  without  tha  ahlf  ting  ,of  gaara.    Tha  type 
of  gaar  unit  uaad  ia  callad  a  planatary  vsear  unit . 

NO  RESPONSE  REQUIRED 
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Frame 


Pi,ANET«JOr  CEAJL  UNIT 
WT.TH  HEH3EES  SEPARATED.* 


A  SIMPLE  PLANET A1Y  GEAft  UNIT  * 
  __ .  y33Pp   

.  'raM'ijjiiiSMiu.' 


ftAMff  CAttttft  ASSY. 


•INO  Of  At 

L  . 


*  * 


s«m  otA* 


*ttANST 
CAMIIt  ASSY 

UNO  'OIAI 


This  is  a  simple  planetary 
gear  unit.    Compound  gear  units 
will  be  presented  in  later  les- 
sons.   For  ease  o£  understanding 
only  simple  gear  units  will  be 
discussed  in  this  lesson. 


SUN  OfAt 


The  g*srs  of  the  planetary 
gear  unit  ere  never  chanjed  from 
the  arrangement  you  see  in  the  end 
vieW  diagram  shown  eboVe,    You  can 
see  that  the  gears  all  have  one  . 
center  of  rotation,  and  that  they 
are  in  constant  mesh  with  one 
another. 


This  planetary  gear  unit  has  thrae  (3)  members: 

»  •  ■    ■  » 

1.  Ring  geer  -  Has  internal  teeth  and  is  in  constant  mesh  with  the 

planet  gears. 

2.  Planet  -  Have  external  teeth  and  are  in  constant  'mesh  with 
Carrier  Assy        both  ringeear  and  sun  gear.    The  planet  carrier  is 

considere*d^o  be  .part  of  the  planet  gears  as  they 
*w    are  permanently  fixed  together. 

3.,    Sun  gear    -  Has  exTernal  teeth  and  is  in  constant  mesh  with  the 

planet  g**rs.  > 

The  planetary  gear  unit  gets  ita  name  from,  and  can  be  easily  compared  ' 
to  our  solar  system.    Planets  (planet  gears)  revolve  around  the  sun  (sun  gear) 
Just  as  in  our  own  solar  system.  -  The  ring  gear  may  be  thought  of  as  the- force 
that  holda  the  planets  of  the  solar  system  in  place  in  that  it  iurrounds  the 
other  gears  of  the  planetary  gear  unit.  *  , 


33s 


*iSWERS  TC  QUESTION  3     ■  •  .% 

*  . 

,\    ?utt;  Cmt  *    B«.  Ring  gjar       C   Planet  Carrier  Assy 


.  It  was  stated  previously  that  th*  plans t try  attar,  unit  is  capable  of  pro- 
viding forward  speeds' and  reverse  just  as  the  different  gear  arrangements  of 
Che  standard  transmission  will  provide.    Before  going  into  how. this  is  accom- 
plished, let's  find  out  just  what  the'  planetary  gear  unit  will  do. 

The  planetary  gear  unit  when  properly  controlled  will  produce 

1.  GEAR  REDUCTION ,  -  low  or  second  genr  same  u  in  a  standard  transmission. 
2-      REVERSE  REDUCTION    -    reverse  gear  same  as  in  a  standard  transmission. 

.3.      DIRECT  DRIVE  '  -    high  gear  same  as  in  a  standard  transmission. 

There  are  thte  two  rules  which  apply  to  the  control  of  the  planetary  gear 

unit.  5  -    .  ' 

1*      Anytime  we  apply  power  to  One  member,  hold  one  members  and  take 
power  from  the  third  member,  the  gear  unit  will  produce  a  gear  reduction  and/or 
^  revferge  of  direction. 

2.  Anytime  we  lock  two  members  together  the  gear  unit  will  produce 
direct^  drive  * 

QUESTION  A  '  (   .  A 

Fill  in  the  blank  spaces  with  the  correct  t^rms,  - :> 

a.  To  obtain  gear  reduction  and/dr  reverse  from  a  plaiietary  gear  unit, 

it  is  necessary  to  .      to  one  riember,  "  one 

*        ;   ~ 

member,  and        '   from  the  third. 

b,  To  obtain  direct  drive  from  a  planetary  gear  unif,  it  is  necessary  * 
to            _  members   . 


AN&EB&  .TO  QUESTION  4: 


appfe POW*r,  l»X4r  P**«*  * 

b:      lock  tiro  9  together 


"  *   '  .  Frame  6 

Proper  control  of  the members  determine*  the  output  of  the  planetary  gear 
unit>.    The  diagram  on.  this  end  Che  next  three  create,  llluitrate  four  of  the 
possibilities  the  planetary  gear  unit  is  capable  of  producing  with  the  proper 
control*    As  you  study  the  functions  of*  the  gear  unit,  compare  the  action 
described  below  each  diagram  to  the  illustrated  action  of  the  diagram.    One  . 
specif  i.c  things  that 'you  must  remember  while  studying  chess  die  grans  Is  that  . 
the,  gears  of  4  plejsntary  geer  unit  are  in  constant'  nesh. 
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In  this  illustration  consider  the  sun  gear  as  being  connected  ,t0  the 
input  shaft. 

v  * 

1.     Power  is  applied  to  the  sun  gear  by 'the  iqput  shaft 


2.  The  sun  gear  drives  the  planet  gears  in  the  sane  direction. 

3.  The  ring  gear. is*  held,  forcing  the  planet  gears,  to  walk  around  the 
ring,  gear  causing  the  planet  catrier  to  turn  in  the.  a  erne  direction  as  the  sun 


gear, 

4.     Power  is  taken  from  the  planet  carrier  which -is  connected  to  the 
output  jshaft.  t 

The  planet  carrier,  which  is  connected. to  the  output  shaft,  is  turned 
■lower  than~the  sun  gear  which  ia  attached  to  the  input  shaft,  thereby  pro-, 
ducing  .«  mead gun  reduction .    This  would  be  similar  to  1st  speed  in  a 
' 'transmission.  .  '  *  *  vy 


QUESTION  5 


MaxlmyD  reduction  is  achieved  when  the 
>.  j  t    d   '    ,  i  isVhe^d,  and  J 


drives , 


is  the  output 


8 
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/"ANSWEHS  TO.  QUESTION  5  r 


,  ring  gear,  planet  carrier  * 


« » 


) 


A 


MINIMUM  REDUCTION 


Fri 


Arrow*  indicate .direction  of  gear  rotation 
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*  la  this  illustration  consider  the  ring  gear  as  being  connected  to  the 
input  shaft.  >*  *  * 

/ 

1.  Power  is  applied  to  the  ring  gear  by  the  input  shaft. 

2.  The  ring  gear} drives  the  planet  gears  in  the  same  direction.  , 

3.  The  sun  gear  is  held,  forcing  the  planet  gears  t;o  walk  around  the 
sun  gear  and  the  planet  carrier       turn  in  the  sane  direction  as  the  ring  gear. 

4.  ~  Power  is  taken  from  the  planet  carrier  yhicfits  connected  to  the 
output  shaft.         *  K  *      %  •  ' 

The  planet  carrier,  which  is  connected  to  the  output  shaft,  is  turned  . 
slower  .than  the  ring  gear  which'-is  attached  to  the  input  shaft,  thereby  producing 
minimum  reduction*    This  would  be  similar' to  second  speed  in  a  transmission. 


QUESTION  6 


When  the  s\in  gear^jls  held  and  *he  ritfg  gear  drives,  \ 
Is  achieved.  •     /'         .      .      ,   '        "     ~  \ 


reduction 


ANSWER  TO  QUESTION 


^1 


DIRECT  »DRIVE 
Arrows  in"  diagram  indicate  direction  of  gears 


J-ocks  are  for  illustration  \ 
purposes  only  f  the  actual  de*- 
vice  used  to  lock  metabers  tb^ 
gather  is  a  clutch  which  wiR 
be  covered  in  a*  later-  lesson.* 
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In  the  above  illustration,"  consider  that  the  sun  gear  is  connected 'to  the 
input  shaft.    (However,  any  one  of  the  members  could  be  connected  to  the*-, 
input  shaft.)  %  * 


1.      Power  is  applied  to  the  sun  gear  by  the  input  shaft. 


Z*      The  sun  gear  and  the  planet  gears  are  'locked  together* 

3.      The  sun  gear  turns  the  planet  gears  and  the  ring  gear  at  the  same 
Speed  -  dup  to  lock  up,  none  of  the  gears  can  turn  independently. 

4*      The  planetary  gear  unit  will  now  turn  as  a  unit,  or  just  like  a 
straight- through  shaft. 

*  r* 

5.      Power  is  taken  from  the  ring  gear  which  *ta  connected  to  the  output 
•shaft.  '  «  ,  '  '  X 

The  ring  gear,  which  is  connected  to  the  output^stllfrt^ls  'turned  at  the 
•  sane  speed  as  the  sun  gear  which  is  driven  by  the  Jrout  •naft>- thereby  producing 
direct  drive.    Direct  drive  in' the  automatic  transmission  is-  also  known1  as  high/ 
gear  Jus,t  as  in  the  standard  transmission. 

JJDESTION  7  / 


When  all  members  of s the  planetary  gear  system  are  locked  together*  the  unit 


Is  in 


7 


/ 


10 


4  To 
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ANSWER  TC  QUESTION  7 

oirsot  drive  (high  gear  would  have  been  acceptable)  * 

t  -  . 

REVERSE  •* 

# 

v        Arrows  in  diagram  indicate  direction  of  gears. 


SUN  OIA*  ptIYtS 


*  i 


mm 


•ING  OlA* 


KANIT'  , 
CAtlKft  MfjQ 


In  the  illustration  above,  consider  the  sun  gear  as  being  connected  to 
the  input  shaft.  K%  "  S 

..1  ■  •-  '.         .  - 

1.  '  Power  is  applied  to  the  sun  gear  by  the  input  shaft..  ' 

\  f  • .  , 

•    2.      The  sun  gear  drives  the  planet  gears  irl  the  opposite  direction. 

3.  The  planet  carrier  is  held1* and  cannot  rotate  with  the  planet  gears. 
With  the  planet  carrier  being  held;  $he  planet  gears  must  turn  in  place, about 
their  center  pins.    The  planet  gears  are  actually  acting . as  idlers,  the. same 
as  . the  reve'rse  iuler  in  a  standard  transmission.  , 

'  *  •  ^  £  •  / 

4.  The  .planet  gears  turning  In  place  drive  the  ring  gear  ih  the  opposite 
direction  from  the  sun  gear.  * 

5.  Power  is  taken  f/om  the  ring  gear  which  is  connected  ttf  the  output 

*s  The  ring  gear,,  which  'is  connected  to  the  output  shaft  *  is  turtted  in  a  c 
.  direction  in  revere  "frotf  that  of  the  sun  gear,  which  is  connected  to  the 
input  shaft,  thereby  producing  reverse.  * 


v-4 


*       r  * 
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phat  each  of  the  planetary  gear  unita  pictured  beio*  la  producir 
^5>  sun'  OlAt  HttO* 
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SUM  Of  At  INPUT 
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RING  OIAR  Htt'O 


UANfT  CAftttft  ANO  SUN  Of  At 
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SUN  OfAR 
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AtfSWSR  TQ  (^bCSTION  6 


n 

4. 


Minimum  seduction. 
Direct  Drive* 


Beverso  Seduction. 


Fn 
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As  you  know,  the  planetary  gear  unit-  la  vastly  different  in  construction 
and  operation  from  tha  gears  used  in  standard  transmissions.   Dua  to  this 
difference,  tha  planatary  gaar  unit  haa  many  advantagaa  over  the  gears  used 
in  standard  transactions.    These  advantagaa  ara  lit  tad  below  with  a  coaparicon 
bade  to  tha  gaar  arrangement  of  tha  standard  transmission,    Baad  ona  advantage 
at  a  tlaa  -  read  tha  corraapondlng  comparison  -  than  through  tha  uee  of  tha 
illustration  on  tha  naxt  pege,  compart  tha  ;    *etary  gaar  unit  to  tht  ttandard 
transmission  gaar  arrangamtnt. 

ADVANTAGES 

Advantagaa  of  planatary  gaart  over  standard  Gliding  gaara. 
1-      Constant  math.    Thay  navar  have  to  be  thlftad. 
2*     Stronger.    More  tooth  contact.  ' 
3.     Ona  common  canter  of  rotation.    Mounted  on  one  theft. 


4.     Control.    Eaay  to  control  hydraulically. 

Note:  Refer  to  the  illustration  on  the  next  page  while  making  these 
comperiaona. 


49S 
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ANSWERS % TO  QUESTION  9 

a.  Constant  mesh' 

b.  Stronger 


t 


t ...  -  c      ftne-  rn^frn .  center  ©I  rotation  _..     _   ..     ....... . . 

d.  Control 

Frame  11 

M  * 

»  *      «-  * 

«* 

You  have  learned  that  the  control  placad  on  a  planetary  gaar  unit  deter- 
mines ita  output,  'and  that  one  meana  of  control  is  to  hold  a  member. 


IV  —  A  IAMO  It  USID  TO  HOIO  A  MtMSlfc. 


ONf  I  NO  IS  CONNtCT  TO  TMf  TNf  TIANSMlSSlON 
CAM  TO  OlVt  IT  STA1I1ITT. 

Kmt  OTHH  INO  IS  COMNICTSO  TO  A  OIVlCI  THAT 
COMPIISSCS  THt  SANO. 

\ 

The  band  is  made  of  spring  steel  (to  enable  it  to  returntto  Its  original 
shape  after  having  been  compressed)  and  it  has  a  lining  for  atrength  and 
durability  which  is  made  of  pressed  paper  with  metal  particles  embedded. 

i  . 

The  band  has  the  same  general  appearance  as  a  handbrake  band  used  on 
vehicles  equipped  with  a  propeller  shaft  handbrake. 

s  *•  * 

QUESTION  10  ;  • 

What  is  used  to  hold  a  member  of  a  planetary,  gear  unit?  » 


15 


TO  QUESTIO#r  10 


Abnd. 

" "s 


tttm  12 


The  members  of  a  planetary  gaar  unit  which  art  controlled  by  'a  band  will 
always  have  a  drum  affixed  to  them.    In  the  Illustration  below,  the  band  la 
•*  wrapped*  around  the  drum  fixed  to  the  .tun  gear.  'When  this  band  la  *  applied,  It 
holds  aha  sun  gear  which  produces  mini  ana  reduction,  j 


•mo  out 


PLANIT  OCAS 


SUN  OiAi 


INfOT  SHAFT 


MUM 


OUTPUT  SHAFT 


SANO 


Plana  fry  Gear  Unit  set  up  for  minimum  reduction 


QUESTION  11 


a.  What  doea  the  automatic  transmission  utilise  as  a  holding  device 
to  control  a  member  of  the  planetary  gaar  unit?  _ 

b.  Of  what  is1  the  holding  device  made?   


c.     What  type  of  reduction  does  the  planetary  gear  unit  illustrated 
above  produce?        q ■  «   


50 1 


•4 
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ANSWEBS  TO  QUESTION  11 


a*     band  / 

b .     ptmn4  paper  lined  spring  ititl 

*  ....  .  _    .  .  .   _  • 


■  rxm» 

In  the  illustration  below,  tha  band  U  wrapped  around  the  drum  f ixad  to 
the  ring  gear.   When  this  band, in  applied,  It  holdi  the  ring  gear  which 
produces  a  mx1ot  reduction*' 


»ANO 


UNO  OIAI 


PlAMfT  CAMtM  AS$f 


IN^OT  SHAFT 


Planetary  Gear  Unit  set  up  iter  maximum  reduction 

*  -  -  * 

QUESTION  12  <■ 

In  the  above  illustration: 
>        a.      What  planetary  gear  ia  being  held  by  a  band? 

b.  What  planetary  gear  ia  on  the  input  shaft? 

c.  What  unit  delivers  power  to  the  propeller  shaft T 


Place  your  answers  below, 


ANSWERS  TO  QUESTION  &  1  - 


a. 

b. 

-ft* 


ring  fear 
•un  gear 

plwit carris*  a—a tblf 


Frss»U4 


aervo 


The  bond  la  controlled  (coopreeeed  or  nliiMd)  oy  a  device  called  a 
The  servo  la  a  hydreulicaily-controlled  cylinder  that  Is  mounted 


solidly  to  the  tranamisaion-  case .    The  construction  of  the  servo  end  its- 
operation  is  similar  to  that  of  the  hydraulic  brake  wheel  cylinder.  *  " 

Study  the  illustration  below  as  you  read  the  descriptions  of  the  parts  of 
the  aervo.  v 


cniNOit 


HtfOM 


IHAPT  OOfl 
TO  »ANO 


If TUIN*  SPIINO 


CYLINDER  -  Houeee  the  parte  of  the  aervo'  and  la  sometimes  called  the 
-  "aervo  body." 

* 

PISTON     -  Pressure-fits  the  valla  of  the  cylinder  (like  the  cupe  in  a 
brake  wheel  cylinder)  and  Is  moved  by  hydraulic  pressure. 

SHAFT       -  Connects  the  moveable  piston  to  the  band. 


RETURN 
SPRING 


-  Returns  the  piston  when  pressure  is  not  being  applied. 


QUESTION  13 


a.  The 


is  used  to  control  the  band. 


b.     The  servo  is  controlled  by  a, 


c.     The  function  of  the  aervo  la  to 
its  band. 


and 
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ANSUT5S  <!C  QUESTION'  13 


••rvo 

hydraulic  prsssurs 


is 


You  hsvs  read  that  a  hydraulically-^optrollad  servo  controls  the  operation 
of  the  bend.-  Nov,  lot's  put  ths  tvo^jsiifs  together.   The  diagrams  oa  this  sad 
ths  next  frame  lllustrsts  ths  comb  in  sd  action  of  ths  ssrvo  and  -ths  bond  as  "a? 
member  of  *ths  planetary  gssr  unit  Is  hold  sad  then  rt  leased. 

Ths  illustration  below  shows  ths  conblnsd  action  of  ths  ssrvo  and  band' 
as  a  osnbsr  of  tha  pJanetary  gear  unitf  is  hsld.    Study  ths  draping*  as  you  rsad 
aach  stsp  listed  bej.ow  ths  figurs.    ThssS  stsps  sxplain  tha  action  of  tha 
ssxm>o  and  ths  band*  r. 

ACTION  OF  SEBVO  COMPRESSING  BAND  .  '  * 


i 

i  - 


A 


1.  Hydraulic  pressure  is  applied  at  the  Wad  of  the  ssrvo  pis  top- 

2.  The  piston  and  shaft  move,  compressing*  the  return  spring'. 

3.  The  moving  shaft  conprsssss  the-bajvi.. 

*4.     The  conpresssd  bsnd.  holds  ths  member  (in  this  esse,  £he  Internal 

•  gear) . 

*  Hydraulic  pressure,  acting  on  ths  ssrvo,  has  applied  the  band., 
QUESTION  14  ^  '  -  '  s 

Pill  in  the  blank  opsce  with  ths  corrsct  term: 

a.  Bands  srs  applisd  by  pressure. 

b.  Bands  are  relessed  by  _____  pressure. 


t 
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•ANSWERS  TO  QUESTION  14 

_.  va. 


*b.  spring 


\ 


16 


.  You  have  learned  chat  the  control  placid  ou  the  members  of  tht  planetary 
gear  unit  determine  the  output,    One  of  theae  controls  la  the  band  used  to 
hold  a  member  to,  bring  about*  either*  a  gear'  ra  duct  Ion  or  reverse  action*.    Tha  • 
othar  mesne  of  coatrol  ii  to  lock  two  members  together  In  order  to  obtain  1 
direct  driva.  * 

A  .dutch  is  used  so  prqvida  tha  control  raquirad  to  lo<jk*  any  two  members 
*  togathar.    Tha  only  comparison  between  ihia  clutch  and  tha  clutch  wad  with- 
tha  standard  transmission'  la  that  they  fee  both  friction  typa  clutches.  That 
%im,  friction  batwajNM  two  or  more  clutch  members  will  provide  -a  solid  connection,  , 
The,  illustration  below  jihowa  an  assembled  multiple  disc  clutch.  »....*.' 


b  Tha  multiple  di>c  clutch'  la  applied  by  hydraulic  oressurs  acting  upon  the 
plgton.  > 


thj 

\ 


Tha  multiple  disc  clutch  la  releaaed  by  soring  pressure,  which  is  provided  by 
.ucch  release,  springs "  :  » 


An  exploded,  view  of  the  multiple'disc clutch  is  shown  in  the  nemt  frame. 


NO  RESPONSE  REQUIRED 
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»TmS  IS  A  WJLTIPLB-PI3C  CLOTC?  (BmXIQID.  mil) 


FACtO  HA  TIB 

(noti  mmt 

Off  MNft  IDOtS^ 

STtii  runs 
(NOT!  mints 
ON  OUTtft  IPOIf  J 


uSSSSBSD 


PLANIT  Of  At 
OUTIi'  SMMMO 


I 


I  1 1  I  I  I 


CLUTCH  IMAM 


miff 


A»  you  can  see%  the  clutch  consists  off  auMrouf  places.    This  la  why  It  la 
chllad  a  isultiple-disc  clutch.    Tha  ataal  plates  ara  attached  indirectly  (by 
the  notchear  to  a  master  of  the  planetary  gear  unit,  and  tha  faced  plates  are 
indirect^  attached  (by  the  splines-)  to  another  saaber.    Reaesfeer,  the 
clutch  pla, tes  are  always  indirectly  attached  to  two  wenbera  of  the  planetary 
gear  unit.  ~ "   .  7 

QUESTION  15  -  ' 

a.  What  ia  the,  purpose  of  the  multiple-disc  clutch? 

v 

b.  Why  la  the  unit  called  a  multiple-disc  clutch? 
Write  your  answers  In  the  blanks  below. 


a. 
b. 


21 
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ANSWERS  TO  QUESTION  15 

•  a*     Lock  two  members  of  the  planetary  tear  unit  together 
b.     Because  it  consists  of  numerous  plates.* 


Fri 


18 


»By  now  you  know  that  a  multiple -disc  dutch  is  used  to  lock  two  members, 
of  eha  plsnatary  gear  unit  together.    Let's  tales  a  look  at  how  this  clutch 
operates.    In  the  nexr  two  frame  are  shown  cross-section* diagrams  explaining  . 
the  action  of  the*  clutch  aa  it  la  applied  and  then  released. 

Study  the  illustration  shown  below  and  note  the  interaction  between  the 
clutch  plates,  piston,  and  release  springs  as  you" read  the  action  described 
belcw  the  illustretlon. 


If  HAM  SMMNO 
COMPMSSfO 


i 

HYOKAUIIC  PMSSUU 
ALLIED  TO  PISTON 


CLUTCH  PIATIS 
riXCO  TO  PlANtT 
CAMS!  - 


-INPUT  SHAFT 


1.  Hydraulic  pressure  forces  the  piston  to  move,  compressing  the  release 
springs  and  pressing  the  clutch  plates  together.  «* 

2.  With  the  clutch  plates  pressed  together,  the  planet  carrier  and  sun 
gear  are  now  locked  together,.    Remember,  the  clutch  plates  are  indirectly  affixed 
to  the  members, 

3.  New,  as  you  know,  two  members  locked  together  provide  direct  drive. 


NO  RESPONSE  REQUIRED 


r  r\ 
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Study  tha  diagram  balow  carefully  a*  you  read  Xha  action  daacrlbad  balow 
taa  iliuatratioa.  *  \ 


CLUTCH  CUTIS 

tmeo  to  sun  out) 


clutch  cures 

|M«0  TO  PUNtT 
CAMIItt 


IHUJT  SHAFT 


\ 


RSLIASf  SMING 


1.  When  hydraulic  pressure  is  removed  from  the  piston,  the  release  springs 
-force  the  piston  back,  allowing  the  clutch  plates  to1  separate* 

2.  With  the  clutch  plates  separated,  the  iclutch  is  released  and  £he 

niters  of  the  planetary  gear  unit  are  allowed  to  turn  independently* 

4 

QUESTION  16  "  , 


Fill  in  the  blank  space  with  the  correct  term* 
a.      The  multiple-disc  clutch  is  applied  by 


b.      The- multiple-disc  clutch  is  released  by 


pressure, 


pressurla, 


9 
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ANSWERS  TO  QUESTION  16 


b .  spring 


In  automatic  transmissions ,  fluid  la  pressurized  and  sent  to  all  parts 

of.  the  unit  to  achieve  automatic  operation.  -  ,       ^  , 

The  hydraulic  pressure  la  supplied  and  controlled  to  the  unite  of  the 
baalc  oil  pressure  system,  as  shown  in  the  illustration  telow. 


to 


B 


The  pump  -  Is  driven  whenever  the  engine  runs.  Its  function 
is  to  supply  pressure  for  the  transmission,  fluid. 

< 

The  pan  -  acts  as  a  reservoir  for  the  fluid  required  by  the 
transmission.  (  y 

The  pressure  regulator  valve  -  ita  function  is  >to  control 
hydraulic . pressure  supplied  by  the  pump.    A  spring  holds 
the  valve  closed  until  hydraulic  pressure  becomes  greeter  ' 
than  the  spring  "pressure .    Valve  opening  allows  the  excess 
hydraulic  pressure  to  return  to  the  pan. 

Path  of  the  controlled  hydraulic  pressure  to  the  various 
parts  of  the  transmission.  4 


QUESTION  17'  '    * , 

Fill  in  the  blank  spaces  with  the  correct  terms  ♦      "  Jt 

a.  •    The      ,  supplies  transmission  oil  pressure* 

*  ■ 

'    b.     The  oil  pump  is  _  driven. 

i  •  - 

t  -  " 

c.     The  ____ 


controls  pump  output* 


* 

24 
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ANSWERS  TO  QUESTION  1? 


.b. 
•c. 


engine  * 
pressure  regulator 


Frame  21 


'    Automatic  transmissions  »hi£t  sutoms'tl call/  but  when  they  shift  is 
partially  determined  by  tha  operator  of  the  vehicle  and  tha  mannar  in  which 
he  drives .   .  *  \ 

When  the  gear  selector  (gear  shift  lever),  of  a  vehicle  equipped  with  an 
automatic  two-speed  transmission  is  placed  in  DRIVE'  position  and  the  accelerator 
is  depressed,  the  vehicle*  moves  forward.    As  it  gains  speed  the  transmission 
t  will  automatically  ahift  to  HIGH  gear.    When  the  accelerator  is  let  up  and  the 
vehicle  Is  allowed  to  slow  down  to  a  low  speed,  the  transmission  will  auto- 
matically shift  down  to  LOW  {ear.  .  ? 

f 

The  automatic  shifting  of  tha  'transmission  is  controlled  by  variable 
hydraulic -pressures  (throttle  pressure  and  governor  pressure)  which  are  deter- 
mined by  the  position  of  the  accelerator  and  the  speed  of r the  vehicle. 

•  ■' 'm  *  *  * 

These  two  variable  pressures  (throttle  and  governor)  act  upon  a  valve 

(shifter  valve)  within  the  transmission  that  controls  pressure  to  the  servo 

and  clutch.    The  throttle  pressure  delays  tha  upshift  while  the  governor 

pressure  causes  the  upshift.^ 

The  following  frames  will  show  you  how  these  pressures  cause  an  automatic 
transmission  to  shift.  '  '* 

NO  RESPONSE  REQUIRED  -  „ 


1  ' 
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system  control  the  constant  and  variable^r  assures  in  the  automatic  transmission 

1.  PtlBp.  *     '  *(         \  -  1 

e.     Purpose     supply  hydremic  pressure,  % 

b.  Front  pump'  -  Is  driveri^by,.  the  engine. 

c.  Rear  pump  -  is  driven  by  the  output  shaft.  Ita  purpose  la  to 
.  provide  hydraulic  pleasure  for  a  push  start.  '  %  '» 

*•  ft 
Note:    All  automatic  transmissions  don't  (have  a  .rear  pump/ 

2.  Pressure  regulator  valve  -  controls  the  hydrsullc  pressure  produced 
by  the  front  and  rear  pump. 

3.  Manual  valve  -  hand  operated i-  controlled  by  the  shift  lever  -  Is 
used  to  select  the  range  of  operation  -  turns  mainline  pressure  on  end  off. 

-      '    '  '  '        ^  V  ' 

\ 


V 


4.  Shifter  valve  -  a  shifter  valve  is  .used  to  automatically  ahift  from 
low  to  direct  drive.  The  valve  la  opened  hydraullcally  when  the  oil  pressure 
on  the  end  of  the  valve  is  greater  than  the  spring  pressure. 


5.     Governor  valve v-  causes  upshift.    How  it  works: 

'•  >  ^  ' 

a.  Driven  by  the  Output  shaft  -  .amount  of  pressure  determined  by 
apeed  of  the  vehicle  (output  shaft) . 

b.  Works  on  one  end  of  shifter  valve  and  when  it  be comas  grester  than 
throttle  pressure  moves  -the  shifter  valve  so  as  to  cause  the  upshift. 


Frame  22  (Cont'd) 


Governor  17th  Valves  Closed.     '  Governor  WithValve:  Opened. 

6..     Throttle  valve  -  delays  the  upshift.    How  It  works: 


•    an.      Amount  of  throttle  pressure  is  determined  by  this  valve  which  is 
controlled  manually1 by  the  position  of  the  accelerator. 

b.      Delays  the  upshift  or  keeps  the  vehicle  in  LOW  gear  by  sending 
pressure,  to  the*  opposite  end  of  the  shifter  valve  from  governor  pressure  holding 
the  shifter  valve  closed,  depending, on  how  hard  you  press  the  sccelerator  pedal. 
The  throttle  valve  is  aided  by  the  shifter  valve  spring. 
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a  Frame  *22  (Cont'd) 

txm  18 

*•  '     supplies  pressure  to  operate  transmission. ' 

b.   ■    ■        'controls  hydraulic  pressure. 

c«  1*  ws«d  to  select  the  range. 

d.   _  automatically  shifts  from  low  to  direct  drive. 

e.   causes  upshift. 

f-  j  delays,  upshift. 


ANSWERS  TO  QUESTION  18 


»♦  /  ptap 

W  '  prt*«ur«  regulator  v«iv« 

a.'  governor  valv* 
f .      throttl*  valva 


Motn  Lint 
OH  P?»i»vf»- 


as 


(VEHtCLE  STOPPED) 


^     (VEMICIS  MOVING) 


MANUAL  VAlVf 


NO  RESPONSE  REQUIRED 
29 


24 


Before going  into  the  actual  opertiou  of  the    ,  

•ion,  you  oust  become  familiar  with  a  diagram  Chat  will  ba  uaad  to  Illustrate 
and  explain  the  function  of  tha  baaic  parta  of  the  tranamiaalon.    This  diagram 
will  ba,  uaad  only  to  illustrate  tha  action  of  these  parti  and  the  flow  of 
hydraulic  fluid  aa  the-  transmission  goea  through;  'its  automatic  operation. 

>  ■  * 

jf  This  diagram  is  simpUfi«<l  and  doaa  not  illuatrate  the  parts  in  their  true 
form.  As  you  study  this  diagram,  thirik  of  the  parts  you  already  have  knowledge 
of  from  previous  parts  of  the  lesson .  "  , 


THIS  QRCLE  REPRESENTS 
THE  PLANETARY  GEAR 

UNIT    -  ^ 


CENTER  CIRCLE  REPRESENTS 
THE  CLUTCH  IN  THE  RELEASED 
POSITION  * 


REPRESENTED  SY  OUTER 
CIRCLE  AND  IS  SHOWN 
RELEASED  POSITION 


SHIFTER  VALVE  AND  SPRING 


ACCELERATOR  PEDAL  AND 
LINKAGE  TP  TRANSMSSON 


THROTTLE  VALVE 


JHYDRAUUCVAiyES  THAT 
WHEN  MOVED  8Y  EITHER 
HYDRAULIC  PRESSURE  OR 
MECHAteCALiy  WILL 
lALLOW  HYDRAULIC  FLUID  4 
TP  PASS  BY  


p — n  MANUAL. 
LrHJ  VALVE 


E 


THESE  PARTS  ARE 
SELF  EXPLANATORY; 


REGULATOR 


I 


OILPUMP 


PAN 


1 


GOVERNOR 


QUESTION  19 

Fill  in  the  blank  spaces,  below. 

a.  Which  valve  is  positioned  with  the  selector? 

b.  What  operates  the  throttle  valve? 


b. 


t)       «  7 
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ANSWERS  TO  QUESTION  19 

'  a*     manual  valve 
b.  *   accelerator  pedal 


Frame  2$ 


To  better  explain  the  clutch  and  bend  illustration,  they  eve  shown  in 


operation  belov 


Shaded  ere a  indicetes 
the  band  hee  been  applied 
holding,  a  aeaber  of  the 
planetary  gear  unit. 


\ 


BAM)  .APPLIED 


CLUTCH  APPUED 


Shaded  eree  now 
indicates  the  clutch 
hee  been  applied*  j 
(aee  the  difference) 
locking  two  members 
of  the  pldhetary 
geer  unit  together. 


SHIFTER  VALVE  AND  SPRING 


ACC 

LINKAGE  AND  PEDAL 


VALVE 


MANUAL 
VALVE 


I 

A 

I 
I 
I 


1 

I. 


GOVERNORJ 


V 


'Th«  flow  of  hydraulic  fluid  under  pressure  in  ell  the  following  diagrams 
will  bar  indicated  ea  it  appear*  in  the  above  illuatration  end  as  described  below. 

Mainline  pressure  -  is. the  pressure        Variable  pressure  -  is%presaure  that  is 
that  is  controlled  only  by  the  pres-       veried  in  amount  by  the  opening  of  varioua 
sure* regulator  valve.    Mainline  pres-      valves.*  Variable  pressure  is  repre- 
sure  is  represented  by  e  solid  black       sented  by  a  broken  black  line.  (See 
line.    (See  line  from  pressure  regula-     line  from  governor  to  shifter  valve.) 
tor*  to  governor.)  '  NO  RESPONSE  REQUIRED  • 
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mm  HflvfHv  nv 

gear,  »o  valvti  begin  to>open.    Th«  two  valves  chat  open  arej 


Frame  26 

r 

> 

tO  •OYt  1ft  LOW 


I  THROTTLE  VALVE-  OPENS, 
WHEN  THE  ACCELERATOR 


1 


2.  GOVERNOR  VALVE  -  OPENS 
WHEN  THE  OUTPUT  SHAFT 
TURNS. 


ACC 

LINKAGE  AND  PEDAL 


THROTTLE  VALVE 


MANUAL 
VALVE 


PRESSURE' 
REGULATOR 


\ 


A 


OIL  PUMP 


PAN 


GOVERNOR 


When  the  throttle  valve  and  governor  valve  open,  they  allow  mainline 
pressures  previoualy  blocked,  to  neter  through.    In  other  words,  the  degree 
to  which  the  velvet  ppen  determines  the  amount  of  preaaure  allowed  Co  peas- 
through  chem.    When  chla  metered  preeaure  ( i Hue t rated  aa  broken  Hnes  on  the 
diagram)  peases  through  theae  valves  it  is  no  longer  mainline  pressure.  It 
is  now  called  throttle  pressure  and  governor  pressure.    Thet  pressure  coming 
through  the  throttle  valve  la  called  "throttle  pressure,"  and  the  pressure 


passing  through  the  governor  velve  Is 

QUESTION  20 


called   governor  pressure 


J 


When  does  the  throttle  valve  open? 


b.     When  does  the  governor  valve  open? 


5 1 7 
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ANSVm  TO  QUESTION  20 

/■*  •  . 

a.  .    When  the  accelerator  it  depressed. 

b.  When,  the  output  shaft  turns. 


*  V  * 


27 


Shade  In  the  pressure  regulator,  oil  ppap,  and  pan  in  red.   Trace  tha 
Una  from  the,  annual  valve  to  tha  governor  In  rod.    This  shows,  where  mainline 
praasurs  goes  whan  tha  vahieXa  Is  to  aautraX  and  the. engine  la  running.  Tha 
vshicls  la  In  neutral  because  neither  ths  band  nor  clutch  ara  appllad. 


SHIFTER  \AtVE  AND  SPRING 


ACC 

LINKAGE  ANO  PEDAL 


1 


THROTTLE  VALVE 


t 


MANUAL 
VALVE 


REGULATOR 


OH.  PUMP 


PAN 


GOVERNOR 


1 

I 
I 


QUESTION  21  ' 

In  what  position  Is  the  manual  valve  when  neither  the 'band  nor  the  clutch 
is  applied?  '         •      ^  '    /  ' 


ANSWER  TO  QUESTION  21 

r  . 


Fn 
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In'th*  dlagratt  b«lov,  thp  v«hi61«  Is  in  Mucral  and  tK#  •nfin*  is  running. 
Draw  in  red  th«  Lin*  or  lln«a*co  show  wh«c«  atinllnft  prtsisc*  go€«. 


;  / 


.  \ 


SHTTW  VULVf  AND  SPRING 


ACC 

LINKAGE  AND  PEDAL 


THROTTLE  VALVE 


Q-Q  MANUAL 


VALVE 


PRESSURE 
REGULATOR  |fT 

I1 

OH.  PUMP 
I  PAN  ! 


GOVERNOR 


5!< 
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Frame.  29 


The  shift  lever  haa  been  placed  In  DRIVE  position.    This  opened  the  manual 
valve,  allowing  mainline  pres'eure  to  go  to  the  servo  and  apply  the  band,  which 
put  tha  vehicle  into  LOW  gaar.    Mainline  pressure  want  alao  to  tha  throttle 

1* 


throttla  praaaura  going  to  ona  and  of  tha  ahiftar  valve,  holding  it  closed. 
Tha  vahlcla  is  aovlng,  turning  tha  output  shaft  ao  wa  have  governor  praaaura 
going  to.  ona  and  of  tha  ahiftar  valva.    The  vahlcla  will  stay  In  LOW  gaar 
until  governor  praaaura  bacoaaa  graatar  than  tha  ahiftar  valva  spring  and 
throttle  praaaura  coablned. 

■  •  * 

Trace  ia  red  ell  lines  showing  where  mainline  pressure  goes' with  the 
vehicle  moving  In  LOJj  gear.    Trace  throttle  pressure  in  green  and  governor 
pressure  in  blue. ' 


Prase  30 


In  the  dlagrea  below,  th*  vehicle  if  Moving  In  LOW  gear.  Dr 
to  show  where  throttle  preeeure  goes,  end  4rev  in  bloe  to  ehow 
' pressure  goee . 


in  green 


'  '  1 

SMFTER  VALVE  AND  SPRING 


ACC 

LINKAGE  AND  PEDAL 


THROTTLE  VALVE 


MANUAL 
VALVE 


PRESSURE 
REGULATOR 


X 


OILPUMP 


PAN 


♦ 


GOVERNOR 


QUESTION  22 

Where  does  the  throttle  pressure  go? 


n  1 
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ANSWER  TO  QUESTION  22 

To  the  spring  loaded  aide  of  the  shifter  valve*. 

Frame  31 


The  diagram  below  shows  the  vehicle  moving  In  HIGH  geer.    Govarnor  pres- 
sure haa  be  cone  greater  than  throttle  preseure  and  moved  t tie  shifter  valve; 
Thla  action  allowed,  mainline  pressure,  which  wan  blocked  by  the  shifter 
valve,  to  pass  through  and  release  the  barid  and  sppty  the  clutch  at  tha  same 
time i  putting  the  vehicle  Into  HIGH  gear.    Look  at  meTiervo  in?  the  diagram. 
There  la  mainline  preaaurm<gn  both -aide*  of  the  fie  ton.    When  the,  shifter  velve 
opened,  mainline  pressure  went  to  the  releaaa  aide  cCf~the,  servo.    Thla  cauaed 
equal  preaaure  on  both  aldee  of  the  servo  pie ton/  allowing  the  servo. spring 
to  expand  and  releaaa  the  band.    Trace  in  red  all  lines  showing  where  mainline 
pressure  goee  with  the  vehicle  moving^ in  HIGH  gfiar.    Treed  throttle  preseure 
in  green  and  governor  preesure  in  blue. 

VEHICLE  MOVING  IN  HlOi  GEAR 


SHIFTER  VALVE  AND  SPRING 


i  ACC 
I  UNKAGE  AND  PEDAL 


THROTTLE  VALVE 


H 

i 
I 

A 

I 
I 
I 
l 
I 
I 

1 

I 
i 
i 

governorJ 


QUESTION  %3 

f  Whet  moves  the  shifter  velve  to  change' from  low  to  high  gear? 
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ANSWER  TO  QUESTION  23 
Governor  pressure 


In  the  diagram  below,  drew  in  rod  the  mainline  pressure  to  show  how  the 
vehicle  shifted  from  LOW  to  HIGH  gear.    Drew  throttle  pressure  in  green  and 
governor  pressors  in  blue. 


Pr. 


SHIFTER  VftLyC  AND  SPRING 


QUESTION  24 

a.  What  pressure  caused  the  upshift? 

b.  What  pressure  delayed  the  upshift? 
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ANSWSRS'TC  QUESTION  24 

a.  Governor  pressure. 

b.  Throttle  pressure. 


rreae  n 


Drive  units  ere  used  In  automatic  transaissi on-equipped  vehicles  to 
donnattt  the  engine  end  transmission.    The  drive  unit,  which  Is  bolted  on  to 
ths  engine,  utilizes  ffydraulic  pressure  in  Its  operetlon  and  It  tskes  the  piece 
of  the  clutch  used  wi^th  standard  trsnsadssions  ^ 

Thejre  ere  nenyx  different  automatic  transmissions,  but  only  two  types  of 
drive  units .    The  TYPE  of  transmission  determines  which  of  the  two  drive 
units  is  used* 

•  ' 
x      The  next'  portion  of  this  lesson  will  explain  the  construction  and  operation 
of  these  two  drive  units.  ,,. 

♦  •  • 

The  drive  unit  is  bolted  to  the  engine  and  is  connected  tp  the  oil  pump. 
Therefore,  the  drive  unit  drives  the  oil  pump  whenever  the  engine  is  running. 

The  output  of  the  basic  oil  pressure'  system  pump  causes  the  idrive  unit  of 
an  automatic  transmission  to  be  pressure-filled.  *  " 

The  two  drive  units  are  shown  in  the  illustrstion  below.. 


TORQUE  CONVERTER 

(INSTALLED  IN  TRANSMISSION) 


FLUID  COUPLING 
(REMOVED  FROM  THE  TRANSMISSION) 


As  you,  will  note  from  the  illustrations  above ,  the  drive  units  are  similar 
In  outward;  appearance,  but  the  internal  construction  and  the  operation  are  quit* 
different. 


QUESTION  25 


a*      The  mechanisms  which  take  the  place  of  the  clutch  used  with  standard 
transmissions  are  called   ;   units* 


b;    #.  The  two  types  of  drive  units  are  the 


and 


the 


The  type  of 


determines  which  drive  unit  will  be  used. 
39  >  * 


MfSODS  TO  QUESTIOK  25 


V  torque  converter,  fluid  coupling 
c.  transmission 


FRAME  34 


You  hm  found  that  thorn  «ro  two  types  of  drive- units  used  with 
automatic  transmissions .    You  hnvo  also  learned,  that  both  drive  units  .are 
similar  in  outward  appaaratica  but  that  tha  internal  construction  and  operation 
are  quite  dlffarant.  «  N 


Tha  torqua  convartar  la  uaad  in  all  butt  ona  transmission. 

Tha  fluid  coupling  is  uaad  with  tha  hydramatic  transmission  only.  Tha 
reason  for  this  is  simply  bacauaa  of  tha  gaar ,  arrangements  within  tha  hydra- 
natlc  transmission. 

.1 

Tha  fluid  coupling  has  only  two  (2)  membars  or  parts,  which  are  shown 
saparatad  in  tha  Illustration  balow. 


L  DRIVING 


S3 
'P. 


2.0RIVB4 


This  is  an  out- 
slda  vlaw  of 
tha  drlTtn  mam- 
bar.  Inslda 
it  looks  just 
lika  tha  driving 


HOUSING-  SOUtO  to  the 

ENGSCPUNftCELAND  IS 

ovFixeo 

Vanas  (bladaa)  on  tha  inside  of  tha  members  of  tha  fluid* 
coupling  ara  not  curved.    Thay  nay  be  compared  to  tha 
segments  of  a  split  grapefruit. 


QUESTION  2q  *        .  s 

a.     What  is  tha  name  of  the  transmission  that  uses  a  fluid  coupling  as 
a  drive  unit?  % 


p. 


b,  Mama  tha  two  menbers  of  tha  fluid  coupling^ 

c.  What  is  the  shspe  of  the  t vanes  (blsdes)' inside  tha  meobers  of  the 

fluid  coupling? 


40 


ERIC 


AHSVE1S  TO  QUI3TI0N  26 

a.  Hydranetlc 

b.  Driving  and  driven 

c.  Thsy  art  straight 


35 


The  fluid  coupling,  through  the  action  of  Its  members,  must  do  for  the 
HYDRAHATIC  transmission  whit  ths  dutch  dons  .for  thn  standard  transmission. 
Ths  driving  assjbar  drives  the  driven  member  through  ths  uss  of  oil.    Tha  driven 
member.  In  turn;  drlvas  tha  transsdsslon  malnahaft. 


ORMNG  MEMBER 


\ 

A 


DRIVEN 


Look  alike 
on  ths 
inside, 
,  don't  they?  ' 


/ 


with 


The  illustration  below  shows  e  cross-sectional  diagram  of  A 
the  members  assembled  in  the  oil-filled  housing. 


fluid  coupling 


DRIVING 
MEMBER 


QUESTION  27 


Arrows  indicate 
oil  flow  only. 


a.  What  is  the  drawing  member  used  for? 

b.  What  is  the  driven  member  used  for?  • 

'    41  t 


DRIVEN 
MEMBER 


ERLC 


So 


•  0 


ANSWERS  TO  QUESTION  27, 

«.    .To  drive  the  driven 
,  M*    To  tfftw ^* 


through  th*  un  of  oil, 


Cutaway  cross  section 

OF  FLUID  COUPLING 


ame  36 


•A 


ORMNG 
MEMBER 


Arrows  indteott  oil 
flow  between  mombors 

of  fluid  coupling. 


AND 
ING  bolted 
to  engine. 


Using  the  illustration  above,  let's  study  tho  action  of  tha  menfeers  of 
the  fluid  coupling.    With  the  engine  running  and  the  transmission  in  gear,  the 
driving  member  turns;    Vanes  on  the  driving  member  pick  up  oil  in  the  oil* 
filled  housing.    Centrifugal  force,  created  by  the  turning  of  the  driving 
semper,  forces  oil  out  and  away  from  the  driving  member.    The  oil  hits  vanes 
of  the  driven  member,  causing  It  to  turn.    As  was  mentioned  previously,  the 
driven  member  drives  the  transmission  malnshaft  and  the  fluid  coupling  la  now 
connecting  the  engine  and  transmission,  much  aa  the  clutch  connects  the  standard 
transmission . 


MO  RESPONSE  REQUIRED 


t 


r  0-  < 


v  v 


The  fiutd  coupling  of  the  HYDEAMAIIC  traa.«Uaion  must  met j»  f  jlutch 
4uot  i.ch.  tcrq^.  con5.rt.r  do*,  for  all  other  ««to^ictr«^on^.  The 
of .  tfai  »o  toiyo  uniW  U  v«ry  aimllar  in  the  way  that  the  eoa- 


gear. 


ARf^  l^f^CFLOW  OF 
OH.  BETWEEN  MEMBER^ 


Let  us  study  the  operation  of  the  fluid  coupling  with  .the  vehicla  mvp*. 
the  engine  running,  and  the  transmission  in  gear.    The  driving  «**r  ('U' 
SraHlwly!  due  to  engine  idling  when  the  Vehicle  ia  stopped.    Oil  *» 
;™t,e  driving  membe^with  very  limited  force  a.  it  hit.  the  dri^  »^.r. 
tmm  «il  from  the  driving  member  1.  not  forceful  enough  to  turn  the  driven 
^?^*a££*  to  the  mainahaft.    Of  course, 

mtinahaft  will  not  turn  either.    The  transmission  is  now  disconnected  from 
the  engine  and  the  fluid  coupling  ia  acting  like  a  clutch. 

The  fluid  coupling,  In  addition  to  acting  a.  a  clutch,  haa  one  other  func- 
tion    This^unction  i5  to  transmit  torque  from,  the  engine  to  the  transmission 
through  the  use  of  oil.  v        ,  ^ 


QUESTION  28 


What  are  the  two  purposes  of  a  fluid  coupling? 


AMSyns  TO  QUESTION'  28 

-Act  as  .  a  dutch.  » 

*  \b. 


'38 


i  e 


TORQUE  TRANSMITTED  B¥  A  FUJID  COUPLING 
(Arrow*  indicate  flow,  of  power  through. unit) 


FLYWHEEL  and 
HOUSING 


DRIVEN 
MEMBER 


GEAR  UNIT 
TRANSMISSION 


MISSION 
MAINSHAFT 


Just  how  dpes  the  fluid  coupling  transmit  torque?   With  the  transmission 
in  gear  and  thel  accelerator  depressed,  the  following  events  taka  place.  First* 
the,  driving  memper  turns  at  an  increased  speed,  picking  up  oil  which  is  thrown 
against  the  driven  member  with  great  force.    This  driven  member  turns  and  drives 
the  transmission  'main  shaft.    Since  the  main,  shaft  is,  connected  to  geaws  in  the 
tranamiasion,  when  the?maln  shaft  turna,  the  vehicle  'moves .    In  this  manner; 
the  fluid  coupling  transmits  torque  fourths  engine  to  the  transmission. 

To  assist  you. in  acquiring  a  better  understanding  of  power  flew,  follow 
the  small  arrows  starting  at  point  'Win  the  diagram  above  as  you  read  the  fol- 
lowing steps:. 

<J  * 

1.  Power  from^the  engine  Is  transmitted  by  the  flywheel  and  housing  to  , 
the  front  gear  unit.         ;  T% 

\ 

2.  ,  Power>from  the  front  gear  unit  is  transmitted  to  the  driving  member 
of  the  fluid  coupling. 

A 

3.  Power  from  the  dplvlng  member  Is  transmitted  to  the  driven  member 
through  oil. 

*  t 

A.  „   Power  is  transmitted  from  the' driven  member  to  the  main  shaft  and 
^rom  there  to  the  rear  wheels. 

NO  RESPONSE  REQUIRED 


Tte  tog qua  ^wittt 


U  mmd  la  jU  auto— tie  ttmHnlOM  fifittf. 
tnra*  (1)  MSict.  That* »••»•»  (ports)  ara  i 


shorn 


H0U9N0 


LJ 


«W8 


"TT  ■  ■■    ""'  ■V" 


2.  STATOR 


5  turbine 


H0U9N6  COVER 


Not*:    Tha  atator  and  turblna  have  curvad  bladaa.    Tha  bladaa  ara  curvad 
to  chaoga  dlraction  of  flow  of  tha  oil  in  tha  torqua  convnrtar,  nuch 
,th«  tana  as  tha  bladaa  of  a  fan  ara  uaad  to  diract  tha  flow  of  air. 

QUESTION  29 

/    a.     Whyrtra  tha  bladaa  of  tha  atator  and  turblna  curvad? 
b.     How  many  transolaaiona  uaa  tha  torqua  convartar? 


4  t 


S 
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53n 


ANSVEJtS  TO  <jll8TIOil  29 


a*     Thm  bladaj  at*  corvao  to  Chang*  th*  diractipn  of  ? 

3*  ~r"  ;~flalp#^a^ 

b.     All  eranaaiaaiona  gcapt  on*. 


v 


Fraaa  40 

_  V. c 

A  cutaway  diagraa  of  the  tdvqua  converter  aanbora  aaaaafclad  within  th* 
housing  it  shown  in  th*  illustration  balow.    Thia  housing  ia  oil-fillad. 


IMPCLLE* 


SWOR 


CUNVgDMMOM 
MOV  PITCH  Of 
jLAQgl 


IMOB  BWlCTIOll 
O/ftOTATION 


1  I 


\ 


NO  RESPONSE  REQUIRED 


< 
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Is '  to  drive  the  turbine through  the 

UN  Of  Otl/'    ,  « 

"'I'*.' 

Ths  impeller  is  fastened  inside  the 
housing  end  the  housing  is  bolted  to 
the  angina  flywheel.    Coneaquealtly , 
whan  ths  sngine  runs  the  impeller 
turns*   Ths  blades  on  the  impeller 
pick  up  oil  present  inside  ths 
housing.    Centrifugal  fores  of  ths 
turning  impeller  forcss  oil  to  ths 
outsr  edge  end  away  frosi  ths  bladee. 
Ths  oil  it  thrown  against  ths 
turblns. 


Turbine.    Ica  function  is  to  driva 
tha  transmit alon  input  shaft*. 

Oil  ia  for cad  fro*  tha  outer  adga  of 
tha  Impeller  bladas  and  hit a  tha 
outar  adga  of  ths  eurvsd  bladas  of 
tha  turbina,  causing  it  to  turn. 
Tha  turbina  ia  spllned  to  tha  trana- 
miaalon  input  shaft  causing  tha 
input  ahaft  to  turn  aleo.    Tha  oil 
is  forcad  out  of  tha  turbina  at  tha 
cantar. 


A 


■  STATOR      Stator.    Tha  function  of  tha  atator 

ia  to  redirect'  tha  flow  of  oil  from  * 
tha  turbine. 

Tha  stator  is  a  stationary  member  that 
is  mounted  on  a  shaft  between  the  im- 
peller end  the  turbine.    The  oil  forced 
from  the  turbine  hits  the  curved  stator 
blades .where  the  direction  of  flow  la 
changed.    TbsK,  redirected  oil  lssving  the 
stator  hits  the  impeller  blades*  assisting 
tha  engine  .in  dirving  the  impeller. 


t 


The  action  between  the  Impeller  snd  turbine  can  be  compared  with  the  opera- 
tion of  two  fans  facing  eech  other.    With  one  turned  on,  the  air  force  from 
it  will  hit  and  drive  the  bladss  of  ths  other  fan.    Thia  ia  the  aame  j>rin-  ^ 
clple  applied  to  the  torque*-  converter  and  its  operation. 
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a.  What  la  tha  lapallar  of  tha  torqua  convartar  coanactad  to? 

b.  What  aaabar  of  tha  corqua  convartar  drivaa  tha  turbina  by, oil  forca?  * 

c.  WEat  la  eha  function  of  tha  lapallar  of  tha  torqua  convartar?  *, 

d.  What  la  tha  function  of  tha^  turblnWof  tha  torqua  convartar? « 
c."  What  la  tha  function  of  tha  a tar or  of  tha  torqua  convartar? 


ANSWEW  TO  QUESTION  30 1  ' 

*  t 

*.    '  Th«  impeller  of  the  torque  converter  It  connected  co  tht  engine 

flywheel.  x  ' 

b.     The  impeller. 
v       c.     To  drive  the  turbine  through  the  use  of  oilj 

d.  drive  the  trensmissior  input  shaft.  * 

e.  To  redirect  the  flow  of  oil  from  the  turbine. 


Tvi 
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One  of  the  functions  of  thm  torque  converter  it  to  set  st  s  clutch, 
asking  stsrting  and  stopping  of  the  vehicle  possible  without  taking  the  trans- 
mission  out  of  gesr.    When  s  vehicle  with  an  automstic  transmission  is  brought 
to  s  atop  in  gesr,  the  engine  will  nsturslly  be  running  et  idle  apeed.  Ths 
action  of  the  torque  converter  with  the  transmlsalon  'in  gesr  and  ths  vshicle 
stopped  it  shown  in  the  illustration  below. 


IMPELLER 


Turns  alowly  with 
engine  at  idle.  Oil 
thrown  from  the  im- 
peller with  very 
limited^  force  hits 
the  turbine  blades. 


STATOR 


Inactive  at  this  time. 


TURBINE 


Oil  from  the  Impeller  is 
dot  forceful  enough  to 
turn  the  turbine.  When 
the  turbine  stands  still, 
the  input  shaft  doea  not 
turn.    Therefore,  the 
transmission  is  discon- 
nected from  the  engine 
and  the  torque  converter 
is  acting  as  a  clutch. 


QUESTION  31 


a.      What  is  the  function  of  the  torque  converter  when  a  vehicle  is 
brought  to  a  stop  with  the  transmission  in  gear  and  the  engine  idling? 


b.      Why  does  the  turbine  stand  still  at  this  time? 


ANSWERS  TO  QUESTION  31 

a. 

b. 


5?r 


Act  as  a  clutch. 

Oil  fro*  the  impeller  it  net  forceful'  enough  to  turn  the  turbine . 


A3 


Tha  torque  converter  is  capable  of- performing  two  other  functions  In 
addition  to  acting'  as  a  clutch.    The  torque  converter  can  transmit  torque  and 
increase  torque.' 


To  increase  torque  ma  ana  to  in- 
crease the  amount  of  twisting  force 
produced  by  the  engine.    How  does 
the  torque  converter  increase  the 
torque  (twisting  force)? 

Oil  driving  the  turbine'  is  forced 
through  the  curved  blades  of  the  stator. 
The  stator  redirects  the  oil  so  that 
It  hits  the  impeller  blades.  Oijf 
hitting  the  Impeller  blades  assists 
the  engine  in  driving  the  Impeller. 
In  this  way*  the  torque  converter 
increases  the  torque  produced  by  the 
engine . 


OIL  FLOW  THROUGH  TORQUE 
CONVERTER  WITH  VEHICLE 
MOVING. 


To  transmit  torque  means  to 
transmit  the  twisting  force  from 
the  engine  to  the  transmission. 
How  does  the  torque  converter 
transmit  torque  (twisting  force)? 


STATOR 


Upon  acceleration  of  the  engine, 
with  the  transmission  in  gear*  the 
following  takes  place.    Oil  that 
is  picked  up  by  the  impeller  is  IMPELLER 
thrown  against  the  turbine  with 
great  force.    (The  curved  arrows  on 
the  illustration  above  indicate  oil 
flow.)    The  turbine,  turned  by  the 
oil,  drives  the  input  shaft  of^he 
transmission.    The  input  shaft  drives 
gears  In  the  transmission  and  the 
vehicle  moves. 

The  torque  converter  is  now  transmitting  torque  from  the  engine  to  the 
transmission. 

NO  RESPONSE  REQUIRED 


TURBINE 


5?) 
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Frame  44 

Earlier  in  this  lesson,  we  studied  the  simple  planetary  gear  system.  In 
some' two-  and  three-speed  transmissions  a  different  system,  is  used.    It  is  a 
combination  of  two  simple  plmaetery  units  and  is  called  a  dfigpound  planetary 
gear  system.    The  lofciowing  iUuetratione  show  a  breakdown  hi  the  construction 
of  a  compound* planetary  gear  system  used  in  a  two-speed  transmission. 

In  the  figure  below,  the  transmission  input  shaft  is  illustrated.  It 


QUESTION  32 

What. gear  is  driven  by  the  input  shaft? 


ANSWER  TO  QUESTION  32 


J 


Primary  or  input  tun  gear. 


Vrwm  45 


The  figure  below  shows  the  two  sals  of  pinions,  end  the  planet  carrier 
and  output  shaft.    The  long  pinion  la  meshed  with  the  short  pinion. 

Note:    There  is  only  one  planet-  carrier  in  a  compound  planetary  gear 

system  and  it  is  connected  to 'the  output  shaft  in  this  setup. 


SHAFT  AND 
PLANET  CARRIER 

LONG  PINION 
SHORT  PINION 

QUESTION  33 

Now  many  sets  of  planet  pinions  are  used  in  a  compound  planetary  gear 

unit? 


r»7  / 
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ANSWER  TO  QUESTION  33 

Two  Nti  of  pinions,  each  set. havings  three  gears. 


Fr 


46 


In  this  figure  the  forward  or  low  sun  gesf  and  flange  haw*  bean  added 
to  the  gear  s«t.    This  sun^ear  is  in  conatant  s*sh  with  the  short  pinion. 
Attached  to  the  forward  sufc  gaar  flanga  Is  a  drusv    Surrounding  the  drum  is 
a  band.  \  * 


FORWARO  SUN  GEAR 
IS  STATIONARY 


LOW  BAND, 
IS  APPLIEO 


FIRST  GEAR 


QUESTION  34 

When  low  band  is  applied,  what  gear  is  being  held? 


\ 

ANSWER  TO  QUESTION  34 

v  -i 

Low  or  forward  sun  gear.  •  .  , 

■     -,     -■  -1  V     .  . 

>  Frame  47 

In  the  figure  below  e  clutch  Has  been* added  co  the  planetary  gear  set. 

The  clutch  hub  la  splined  to  the  input  shaft  which  ia  connected  to  the 
input  or  primary  sun  gear...  The  dutch  drum  ia  connected  to.  the  forward  or 
low  sun  gear.    When  the  clutch.  Is  applied,  the  two  sun  gears  are.  locked 
together  producing  direct  drive.     t  ^ 


CLUTCH  IS  APPLIED- FORWARD 
AND  PRIMARY  SUN  GEARS  ARE 
LOCKED  TOGETHER 


SECOND  (HKJH)  GEAR 

QUESTION  35 

What  two  gears  are  locked  together  for  direct  drive  (high  gear) 
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ANSWEE/TO  QUESTION  35 

Primary  or  input,  and  low' or  forward  tun  gear. 


*  ♦ 
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In  the  figure  below,  a* ring  gear  and  band  have  been  addad.    The  "ring  gear 
is  in  constant  s»sh  with  tha  short  pinion.    The  ring  gear  is  used  for- reverse 
only.  ,  ^ 


REVERSE  BAND  IS  APPUED 
RING  GEAR  IS  STATIONARY 


REVERSE  \ 


V 


QUESTION  36  *  ' 

The  reverse  band  holds  what  gear  In  order  to  obtain  reverse? 


r 


0 


p  4 


a 
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ANSWER  TO  QUESTION  36 

■ 

Ring  gear. 

Fro*  49 

* 

In  the  Illustration  below  a  parking  pari  haa  been  added.    The  pnwl  is 
anchored  to  the  tranaalsslon  caao.    Whan  tha  Jswl  engages  tha  taath  on  tha 
\     planat  carrier,  tha  output  shaft  la  locked  to  tha  transmission  case.  This 
I    prevents  the  rear  wheals  froa  turning. 


PARKING  PAWL  IS  ENGAGED  WITH 
TEETH  ON  PLANET  CARRIER  IN 


NEUTRAL  ANO  PARK 


NO  RESPONSE  REQUIRED 


S*  1 


56 


ERIC 


In  the  previous  frames  of  this  unit  you  became  familiar  with  the  com- 
pound  planetary  fiat  ays tarn  usad  for.  two  speeds  forward.   The  following 
illustration  will  point  out  the  construction  of  *  three-speed  compound 
planetary  gear  system. 


MTDSfAL 
SUM 


SUN  OIAM 


PWIMAMY  SUM 
GCAR  SHAFT 


SCOONOAftY  SUM 
OCAS  SHAFT 


SECONDARY 
MM10MS  01 


The  only  difference  between  the  three-speed  and  the  two-speed  planetary 
gear-  system  is  that^the  output  shaft  is  connected  to  the  ring  gear  in  the 
three-speed;  the  output  shaft  is  connected  to  the  planet  carrier  in  the  two- 
speed,  and  the  rear  band  is  wrspped  around  the,  planet  carrier  in  the  three- 
speed.    Also,  a  front  clutch/ is  added  to  provide  neutral  and  to  transmit 
power  to  the  primary  sun  gear  when  applied. 
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BASIC  PRINCIPLES  Of  AUTOMATIC  TRANSMISSIONS 

(Mi, 


Ooon  oowplutlon  or  cIiIm  text,  you  wllJ  be  able  to  accomplish  the 
following  with  85Z  accuracy. 

\  v 

1.  \ Define  the  terns:    torque*,  reduction,  reverse  reduction,  and 
direct  drive. 

2.  Li\t  the  three  baalc  hydraulic  principles  involved  in  the 
*  operation- of  automatic  transmissions.* 

3.  List  fche  component*  anjd  their  purposes  of  a  basic  oil  pressure 

system.*  \ 

4.  In  a  diagram,  label  the  parts  of  a  simple  planetary  gear  unit. 

5.  List  the  t\ree  functioned  a  planetary  gear  unit. 

6.  List  two  ruli^s  that  apply  to  the  control  of  a  simple  planetary 

gear  unit. 

7.  List  the  component  that  holds  a  member  of  the  planetaity  gear 
unit.  m 

\ 

8.  List  the  device  th*t  Is  used  .to  control  a  band. 

9.  List  the  component  that  locks  two  members  of  a  planetary  gear 
unit  together. 

10.  State  how  a  multiple-disc  clutch  is  applied  and  released. 

11.  State  the  purpose  of  the  governor  and  what  drives  it. 

12.  State  the  purpose  of  the  throttle  valve  and  what  controls  It. 

-  13.      State  the  operating  principles  of  tjie  fluid  coupling. 

*   14.      List  the  parts  of  the  torque  convener  and  the  function  of 
each  part. 

e 

15.  Given  a  diagram  Illustrating  a  two-speed  transmission,  draw  In 
the  flow  of  main  line  and  variable  pressures  that  will  complete  the 
upshift  from  low  to  high  gear.  ' 

16.  State  the  difference  between  a  simple  and  a  compound  planetary 
gear  system. 


A 
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INTRODUCTION 
Haay  variation*  of  automatic 

purpose  Air  Foreo  vehldee  today. 
However,  the  basic  principles 
for  all  wits  are  the  a  asm ,  This 
laaaon  will  prepare  you  for 
following  leeeone  on  •pacific 
transmissions . 

Tho  applicable  workbooks  for 
each  laaaon  provide  exercisas 
to  old  In  fur Char  clarifying  tha 
kay  points  of  tha  laaaon. 
Always  follow  tha  dlractlona 
glvoti  by  your  instructor. 

INFORMATION 

TRANSMISSION  TERMINOLOGY 
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20  MS 


130  m.  us.  ot  to  n  us. 


ir 


240  1H  US.  Ot  30  fT  US 


30  US 


Figure  1.  Torque. 


Torque 


Ths  dictionary  dsfinss 
Mtorqua M  aa  "that  which  producea 
or  tanda  to  produca  rotation  or 
tor* ion."    In  other  words* 
torqus  la  a  twiatlng  affact. 
Tortus  la  usually  apokan  of  aa 
pound-foot  or  foot-pounds .  An 
example  la  unlng  a  wrench.  If 
a  20  pound  force  la  exerted  on 
tha  and  of  a  alx  Inch  long 


wrench,  a  torque  of  120  inch- 
pounds  or  tea  (10)  foot-pounds 
will  be  placed  on  the  bolthead 

Ra^eV^^   s>4  safnfeamastae^at      mm.  -sa#£sssasak  aV» 
*  Syl  IVUiU  i    mm  fuVwH  in 

figure  1.    If  the  a ana  force 
(20  pounds),  is  applied  to  the 
and  of  e  wrench  twice  aa  long 
(1  foot) ,  we  will  have  20  foot- 
pound* of  torque. 

In  figure  1,  the  wrench  la 
uaed  aa  a  lever,  end  by  ualng 
longer  levere,  it  la  poaeible  to 
obtain  greets r  torque  multlpllca- 
tion.    Similar  example*  can  be 
aede  with  pulleys,  block  end 
tackle*,  Inclined  plasae  or  wedgea 

.and  acrewe.    All  of  these  devices 
actually  function  on  one  baalc 
principle.    The  principle  la  that 
If  a  machine  la  utilised  to 
Increase  force,  the'  larger  output 
force  cannot. move  aa  far  aa  tha 

•  aaaller,  original  input  force . 
Thue,  when  force  la  increaaad, 
dlatanca  la  sacrificed.  In 
thinking  of  automotive  trana- 
alaalone,  the  idea  of  increasing 
force  at  a  aacriflce  of  dlatanca 
maana  that  to  lncreaae  or  multiply 
torque  requlrea  a  reduction  of 
apeed.    If  a  transmission*  is 
raquired  to  multiply  torque  four 
tlmsa,  then  the  input  ahaft  spaed 
in  RPM  will  have  to  be  four  tlmea 
the  output  ahaft  speed  RPM. 


Figure  2.    Torque  Requirement 
(Level  Ground). 


1 


The  engine's  power  is  its 
ability  to  provide  suf {icient 

   ^Q^^m  '  nhosAs '  to 

maintain  certain  car  speeds. 
This  tor  qua  la  received  from 
a  rotating  crankshaft  and 
once  a  car  la  rolling  on  laval. 
ground  the  angina  davalopa 
enough  torque  to  keep  it 
moving,  figure  2. 


Figure  3,    Torque  Requirement 

(Inolim) . 

* 

On  a  hill  or  in  starting, 
the  driving  wheels  need  sore 
torque  and  we  oust  have  tone 
neons  of  multiplying  or  con- 
verting this  torque.  This 
multiplication  of  engine 
torque  may  be  accomplished 
by  shifting  s  geer  transmission,  ' 
,     either  manually  or  automatically, 
into  a  lower  gear,  figure  3. 

Reduction  . 

This  term  re fere  to  reducing 
the  transmission  output  shaft 
speed  to  incresse  the  output 
torque,  shown  In  figure  3.  This 
gear  reduction  Is  one  form  of 
torque  multiplication* 


Direct  Drive 

*  tisW^^n,  Safmi  ■    — .t»  jt  ^  a  *m.    ♦»  —  —    »  *»  ^  —   —  m 
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sufficient  speed  'end  .torque  multi- 
plication is  no  longer  required  to 
oveccone  the  reels tance  of,  the 
vehicle  to  movement,  the  trans- 
mission is  shifted  to  direct  drive, 
which  mesne  that  the  input  eheft 
and  the  output  eheft  "are  turning 
at  the  seme  speed.   This  is  also 
known  ee  e  one-to-one  (1:1)  ratio. 


Figure  4, 
Output  Shaft  Turne  Oppo$ite. 

Reverse  Reduction 

w 

This  is  en  arrangement  of 
gears  providing  a  great  amount 
of  torque  output  in  a  direction 
opposite'  from  that  of  the  input 
as  shown  in  figure  4, 

Nsutrel 

When  there  Is  an  Input  but 
no  output,  a  transmission  Is  In 
neutral. 


4 


This  is  the  direct  opposite 

from  reduction.    The  transmission 
output  Mftaft  turn*  at  •  ipttd 
ranter  thuii  t!ic  input  xhaft, 
resulting  In  torque  decfeeee. 

PLANETARY  GEAR  PRINCIPLES 

Planetary  gears  are  used  In 

n»st  automatic'  transmissions 
because  they  permit  constant 
mesh  operation  In  a  minimum 
amount  of  space'  and  place  very 
little  stress  on  the  trans- 
mission case. 


fii 


»UN  Of  A* 
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In  its  simplest  form,  it  is 
essentially  three  gears,  figure  5. 
There  is  a  sum^gear  in  the  center. 
AJLse,  there  is  a  small  planet 
gear  meshing with  It.    (We  show 


foftfr  of  them;  ua'u*lly  th%re  are 
three  or  four.)    On  'the  outside 
jLe  the  ring  gear,  an  internal  gear 
washing  with  the  planets.  The 
nl  anaf  eearw  arm  f ssfanad  taaMfaw 
hy  the  planet  carrier.*  Tli is  holds 
tliem  in  place,  but  lets  them 
rotate.    Just  how  theee  gear*  and 
carriers  are  fastened  to, the  shaft 
depends  on  what  ye  want  the  v 
mechanism  to  do. 


sun  ocas  oaves 


I'M 


I 

mo 


KAHCT  CAMDfft 
OMVCN 


Figure  6.    Planetary  Gear 
.  Maximum  Reduction. . 

Suppose  ve  connect  the  sun  gear 
to  the  input,  figure  6,  or  driving 
shaft  end  the  planet  carrier  to 
the  output  or  driven  shaft.  We 
put  a  brake  band  around  the  out- 
side of  the  ring  gear  and  hold 

I  I    Mgbf   Htt   J»    «  «*nil«/t   l»«>V«..  ihen, 

ft'it   they  'ann'.f   5  ran'!  «tfH  »nrl 
rotatt  on  thef  r,  shafts  hereof* 
that  would  move  the  ring  gear  ami 
we  are  holding  that  with  the 
brake.    So  they  have  to  "ws lk 
around"  inside  the  ring  gear  and 
the  planet  carrier  moves  with 


them  at  e  reduction.    There  are 
•  two  motion*  to  the  planet  gears, 
lafth  one  is  rotating  about  its 
own  shaft  and,  at  the  sane  tine, 
they  are  all  walking  around  in  a 
circle  on  the  internal  teeth%of 
the  ring  gear.    This  la  where 
this  type  of  gear  geta  its  name. 
The  planet  carrier  is  thus  the 
driven  shaft,  and  it  is  turning 
much  more  slowly  than  is  the  sun 
gear  and  drive  shaft  and  In  the 
'  same  direction.    Just  what  the 
ratio  is  depends  on  the  number 
of  teeth  on  the  gears,  and  we  - 
will  not  go  into  detail  of  how 
It,  Is  figured. 


RING  CCA*  TURNS  IN 
OPPOSITE  DIRECTION 


SUN  GEAR  DRIVES 


\ 


0. 


PLANET 

CARRIER 

HELD 
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SUN  GEAR  HELD 


RING  GEAR 
DRIVES 


PLANET  CARRIER 
DRIVEN 


Figure  7.    Planetary  Gear 
Minimum  Reduction. 

We  mentioned  that  we  can  get 
various  results  with  a  planetary 
gear  set  by  connecting  it  up  in 
different  ways.    If  we  drive,  the 
ring  gear  and  hold  the  sun  gear 
8 till,  figure  7,  we  will  increase 
torque  as  we  did  In  the  case  just 
described,  but  it  will  not  be 
increased  as  much. 


Figure  8.    Planetary  Gear 
Train  Reverse. 

We  can  also  use  a  planetary  gear 
train  to  obtain  a  reversal  of 
direction.    If  we  hold  the  planet 
carrier  stationary  and  drive  the 
sun  gear,  figure  8,  the  ring  gear 
will  be  driven  in  the  opposite 
direction,  producing  a  reversal" 
of  rotation  with  a  multiplication 
of  torque. 

By  other  planetary  arrangements, 
It  Is  possible  to  obtain  other 
gear  ratios,  such  as  overdrive 
and  direct  drive,  and  the 
planetary  gears  may  be,  compounded, 
as  In  transmissions  using  the 
torque  converter. 

From  this  general  description, 
it  is  obvious  that  in  order  to 
obtain  a  drive  through  a  planetary 
gear  train,  we  must  apply  power  to 
one  member,  take  our  power  from 
another  member,  and  hold. a  third 
member  still.    The  driving  and 
driven  members  are  mechanically  * 
connected  through  shafts  and  hubs 
to  the  rest  of  the  transmission. 
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T»ob«r  of  a  planetary  gear 
sec  that  Is  held  la  called  a 
•reaction"  member  because  the 
other  neabers  react  upon  It. 
Thi3  reaction  member  may  be 
thought  of  aa  a  point  upon 
which  to*  push,  somewhat  aa  a 
fulcrum  point  on  a  lever. 
There  are  several  automatic 
transmissions  using  the  compound 
type  planetary  gear  train,  and 
some  using  the  simple  type  (the 
one  described  in  the  preceding 
paragraphs) . 

HYDRAULIC  PRINCIPLES 

Before  we  discuss  the  hydraulic 
control  of  planetary  systems,  it 
is  necessary  to  understand  the 
basic  hydraulic  principles. 

Webster's  definition  of  the 
word  "hydraulic"  is  "the  science 
of  liquids  in  motion  and  the 
application  of  the  forces." 
The  laws  governing  liquids  in 
confined  areas  are  as  follows: 

1.     Liquids  cannot  be  com- 
pressed.   This  rule  simply  says 
that  applying  pressure  to  liquids 
will  not  reduce  the  volume  of 
che  liquid. 


0M 

2.    Motion  can  be  transmitted 
by  liquids.    Figure  9  shows  two 
pistons  in  a  cylinder,  with  a 
liquid  separating  them,  if 
piston  A  is  moved  to  the  right, 
piston  B  will  be  moved" to  the  ' 
right  the  same  distance.  This 
is  due  to  the  rule  stated  in 
paragraph  1.    Two  cylinders  of 
the  same  diameter  are  connected 
by  a  tube  as  shown  in  figure  9, 
and  one  piston, is  contained  in 
aach  cylinder.  -If  the  space 
between  the  two  pistons  Is 
completely  filled  with  liquid, 
then  a  movement  of  piston  A*  to 


the  right  will  cause  corresponding 
movement  of  B  .to  the  right,  with  " 
the  liquid  flowing  through  the 
tube. 


AtflYIMO 
PISTON 


ouwvr 


*mmo  piston 


m  »  *  *     wi^  m 


CVUNOfR  "A" 


OUTPUT  WON 


cruNdit  "•• 


■  Figure  9.    Motion  Can  Be 
Trmsmitted  3y  Liquids. 

3  .    A  liquids  under  pressure 
transmits  pressure  equally  in  all 
directions;    a  pressure  gage 
placed  anywhere  in  a  closed  : 
hydraulic  Sys  tern  will  read  the 
same  at  any  point,  figure  10. 

4.    Pressure;  in  a  closed  system, 
in  pounds  per  square  inch  (PS I) 
is  the  applying  force  divided  by 
the  area  of  the  applying  piston. 
In  figure  11  a  100  pound  force  on 
a  piston  of  one  square  inch  will 
produce  a  pressure  in  the  liquid 


100  IM. 


100  lit 


too  no. 


AmYMO  rata 


1  SO.  IN.  WTON 


Figure  10.    Equal  Pressure 
Through  Sub  tern. 


106.  IBS.  FORCE     100  LBS.  FORCE 


SO  ISS. 
ftl  SO.  >N. 


1  SO.  INCH 
PISTON  AREA 


2  SO.  INCHES 
PISTON  AREA 


FLjutH'  11.    l*re*eure -Forer. -Area. 

of  100  psi.    If  this  same  force 
(100/ pounds)  Is  applied  to  a 
piston  having  two  square  inches 
of  area,  the  resulting  hydraulic 
pressure  will  be  only  50  psi. 
The  formula  for  this  relationship 


p  -  -/where 
A 


t 

A 


pressure  in  pounds 
par  square  inch 

fores  in  pounds 

area  In  square  Inches 


« 


output  poeci    output  O"™^ 


too  iss.  m  so.  t4. 


Figure  12. 
Force  Output  -  Pressure  Tt/nes 
Area  of  the  Output  Piston. 

5.    Force  developed  on  an  output 
piston  is  the  pressure  in  the 
aystem  multiplied  by  the  area  of  the 
output  piston.    Figure  12  shows  a 
100  pound  force  applied  to  a  1  squaoe 
inch  area  piston  developing  100  psi 
in  a  closed  system.    On  piston  A, 
having  sn  area  of  1/2  square  inch, 
a  force  of  50  pounds  will  be 
developed.    On  piston  B,  1  square 
inch  area,  100  pounds  of  force  will 
be  developed.    On  piston  C,  having 
an  area  of  2  square  inches,  200 
pounds  of  force  wj,ll  be  developed. 

PLANETARY  CONTROL  UNITS 

During  the  discussion  of 
planetary  gear  seta  it  was  Hiatal 
that  one  member  of  a  planetary  • 
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Figure  13,    Band  and  Servo. 


Figure  14.    Typical  CZuteh. 
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unit  .must  be  held  Co  obtain  the 
various  reductions*  sad  tost  to 
obtain  direct  drive,  two  sssfeers 
oust  be  locked  together. 
Hydraulically  operated  units 
actuate  the  friction  components 
to  hold  or  lock  the  aeabers. 

Band^n^ Servo  to  Hold  One  Member 

A  spring  steel  band  With  * 
bonded  frlctidti  material 
encircles  a  drum  which.  In  turn, 
Is  attached  to  a  planetary 
member*    Figure  13  shove  thrf 
drum  attached  to  the  ring  gear 
and  the  servo  unit  used  to  . 
actuate  the  band. 

Servo  Operation 

When  hydraulic  pressure 
greater  than  spring  pressure 
is  applied  to  "A11  of  figure  13. 
the  piston  stdm  Is  forced 
against  the  band,  and  the  band 
against  the  drum.    When  hydraulic 
pressure  equal  to  that  applied 
to  "A"  is  applied  to  "B",  the 
spring  is  the  force  that  will 
move  the  stem  and  release  the 
band. 

Clutch  to  Lock  Two  Members 
Together  for  Direct  Drive 

**  -a. 

A  multiple  'disc  clutch  is  used 
to  lock  the  planet  carrier  and 
output  shaft  to  the  sun  gear, 
figure  14. ,  When  no  hydraulic 
force  is  applied  to'  the  piston, 
the  clutch  is  held  in  the 
released  position  by  the  clutch 
release  springs.    When  hydraulic 
force  is  applied  to  the  piston  .to 
overcome  spring  pressure,  the 
clutch  plates  are  iocked 
together,  which  locks  the  planet 
carrier  4nd  sun  gear  to  the  out- 
put .shaft. 


HYDRAULIC  OPERATION  \ 
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Figure  25.    Pump  and 
Pressure  Regulator* 

Oil  Pump  and  Pressure  Regulator 

An  oil  pump,  driven  by  the 
engine,  and  a  spring-loaded 
pressure  regulator  valve  are  used 
to  provide  hydraulic  pressure  for 
operation  of  the  transmission. 
With  the  pump  in  operation,  oil 
is  drawn  from  the  oil  pan  and  Is  " 
forced  Into  the  hydraulic  system. 
When  the  oil  pressure  is  greater 
than  the  spring  pressure  In  the 
regulator  valve .  it  will  force 
the  regulator  valve  off  its  seat 
and  the  oil  will  bypass  to  the 
pan.    When  the  oil  pressure  Is 
less  than  the  spring  pressure  In 
the  regulator  valve,  the  valve 
will  close  and  full  oil  pump 
pressure  will  be  obtained  In  the 
^lines.  figure  15.    This  cycle  Is 
repeated  continuously!  and 
constant  regulated  "main  line'1 
or  control  pressure  results* 


Figure  16.    Manual  Valve  Open 
Shifter  Valve  Closed. 

Manual  Valve 

A  manually  operated  valve  is 
placed  In  the  main  Hn4,  figure  16, 
beyond  the  pressure  regulator  to 
act  as  a  switch  to  turn  pressure 

on  or  off. 

Shifter  Val.ve 

^    A  shifter  valve  Is  used  to     ^  # 
automatically  shift  from  low  to 
direct  <Jriye.    The  valve  Is  opened 
hydraulically  when  the  oil  pressure 
on  the  end  of  the  valve  is  greater 
than  the  spring  pressure. 

Governors  {Figures  17  and  18) 

The  centrifugal  governor  is 
driven  by  an  output  shaft.  Shift 
from  redufeplon  to  direct  drive  Is 
caused  by/the  governor.    Whan  the' 
vehicle  is  standing,  the  governor 
weight  Is  "in, "closing  off  the 
oil  passage.    As  the  vehicle  moves, 


Figure  17. 
Governor  with  Valpe  Closed* 


Figure  18. 
Governor  with  Valve  Open. 

the  output  shaft  rotates  the 
governor  assembly.    As  the 
vehicle's  road  speed  increases, 
the  governor  weights  are  thrown 
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outward ,  aovfrfc^th*  valve  and 
uncovering  theXoil  passage  to  Che 
shifter  valve .  \  Oil  peeaad 
thir  passage  ejsVrte  pressure 
against  the  large  area  of  trie 
valve,  acting  agalnstvcentrlfugal 
f oroe .    The  valve  then  regulates 
pressure  applied  to 'the  shifter 
valve,  which  is  variable  with* 
vehicle  speed.    A%  the  vehicle's 
speed  Increases,  centrifugal 
force  increases K  moving  the 
valve  farther  outward  and 
Increasing  the  variable  regu- 
lated pressure  to  the  shifter 
valve.    This  pressure  is  known 
as  "governor  pressure." 


Regulator  Plug 

With  the  shifter  valve,  shifter 
valve  spring,  and  the  governor  as 
previously  described,  shifting 
from  low  to  direct  drive  will 
always  occur  as  the  same  vehicle 
speed.    This  arrangement  is 
undesirable  in  a  vehicle  because 
many  circumstances  arise  when  a 
shift  at  high  speeds  is  desired. 
Examples  of  this  are  when  rapid  . 
getaway  is  desired  or  when 
climSing  a  hill.    Need  for  a 
higher  shift  point  thus 
corresponds  closely  with  the 
need  for  Increased  power  output 
of  Che  engine.    Since  engine 
power  output  is  controlled  by  % 
throttle  opening  which,  in  turn, 
is  controlled  by  the  accelerator, 
timing  of  shift  can  be  regulated 
with  the  position  of  the 
accelerator.    One  way  of 
accomplishing  this  Is  shown  in 
figure  19.    Assume  that  the 
shifter  valve  spring  la  seated 
against  a  moveable  regulator  plug 
which  is  connected  to  the 
.accelerator.    As  the  accelerator 
Is  depressed,  the  plug  is  moved 
inward,  rompreaning  the  >prlng 
i  :•.«■*.  re  a*  '.r.js  it* 


Figure  19.  Regulator\$lug 
tfmd  Shifter  Valves 

tension.    Because  of  this 
Increased  tension,  more  governor 
pressure  <a  required  to  move  the 
shifter  valve;,  consequently, 
shift  will  occur  at  higher 
vehicle  speeds,  as  determine/  by 
the  accelerator  position. 

OPERATION  OF  A  HYDRAULICALLY 
OPERATED  TWO-SPEED  TRANSMISSION 

Legend  for  Schematic  Illustrations 

Solid  lines  with  arrows 
represent  passages 
filled  with  oil  at  constant 
regulated  main  line  preaaure. 


^^^^^    Solid  lines  without 
,  ^arrows  represent 

passages  in  which  no\pressure 
exls  ts . 
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Broken  Ums  with 
arrows  represent 
passages  filled  with  oil  et 
variable  pressure. 


  Broken  -lines  Without 

—        -      srrowl  represent 
passages  in  vhich  no  verieble 
pressure  exists. 
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Figure  20.    Neutral  Engine 
Running  Band  and  Clutch  Released. 

Neutr^^  Engine  Running 

In  neutral  the  manual  valve  is 
closed.    The  front  oil  pump, 
.driven  from  the  input  shaft  which 
turns  with  the  engine,  delivers 
oil  to  the  pressure  regulator 
and  shifter  valve.    The  pressure 
regulator  returns  excess  oil  to 
the  pen,  figure  20.    The  band  is 
released  by  the  spring  because 
there  is  no  611  pressure  on  the 
servo 'Pis ton.    The  clutch  is 
released  -by  springs  because  there 
13  no  oil  pressure  to  epply  to 
the  annular  piston. 
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Band  applied  -  Shift  Valve  hi 
not  moved 


Figure  21, 


Low  Gear. 


Low. Gedf 

tfhe  menjgrPvalve  is  moved  to 
direct  o{l  pressure  to  the  servo ' 
piston  and  to  the  band  of  the 
closed  shifter  valve.  Oil 
pressure  is  also  directed  to  the 
governor.    The  servo  applies  the 
bend  and  the  clutch  is  released  by 
the  springs,  figure  21. 

High  Gear  -  Direct  Drive 

A  manual  valve  continues  to 
direct  oil  pressure  to  servo 
piston  "A"  end  to  the  shifter 
valve.    Governor  pressure,  due 
to  vehicle  speed,  has  overcome 
the  shifter  valve  spring  pressure 
and  moved  the  valve  so  that  main 
line  regulated  pressure  is 
directed  to  servo  B  and  C, 
releasing  the  band,  end  to  the 
planetary  unit  to  epply  the  clutch, 
figure  22.    The  transmission  will 
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Shift  Valve  has  moved  due 

to  effect  of  Governor  \_ 

pressure.    Clutch  Is 

applied.    Band  released 

due  to  pressure  operating 

against  two  areas  ("B"  snd  "C")  . 

i 

/•'/./urv  P.2.    Dire nt  Drive, 

stay  In  direct  drive  as  long  as 
the  vehicle's  speed  Is 
sufficient  to  maintain  governor 
pressure  high  enough  t©  hold  the 
shifter  vslve  compressed.  When 
speed  Is  reduced  to  a  point  / 
where  the  spring  overcomes 
governor  pressure,  the 
transmission  will  automatically 
downshift  to  low.    This     ,  / 
downshift  could  be  forced  by  / 
full  acceleration  at  lower  / 
vehicle  speeds  (passing  gear)  ' 
or  occur  as  the  vehicle  comes 
to  a  stop. 


Figure  23,    Throttle  * 
Pressure  to  Delay ' Upshift. 

Regulator  Plug 

The  regulator  plug  In  a  simple 
two-speed  transmission  Is  moved 
by  a  variable  regulated  hydrsulic 
pressure  called  "throttle' 
pressure"  or  "TV"  pressure. 
Throttle  pressure  Is  obtained  by 
use  of  s  throttle  valve  assembly 
wt\lch_  Is  moved  by  mechanical 
llnKage  from  the  accelerator. 
The  valve  assembly  Is  so  designed 
that  throttle  pressure  increases 
with  the  carburetor  opening. 
Therefore,  the  farther  the 
accelerator  la  depressed,  the 
more  the  shifter  valve  spring 
tension  Is  Increased  to  delay 
upshift,  figure  23. 
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,  X.    Define  "torque."  . ^ 

2.  How  Is  torque  multiplied  by 
chc  transmission? 

3.  What  gear*  sre  included  in 
tne  planetary  geer  systsm?  ' 

Explain  the  operating 
principles  of  the  planetary  gesxs 


5.  Explain  the  basic  principles 
of  hydraulics. 

*, 

6.  Whet  is  Che  purpose  of  the 
"servo"  as  pertains  to  automatic" 
transmissions? 

7.  Explain  the  operation  of  the 
clutch . 

8.  Explain  the  operation  of  the 
transmission  governor. 
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BASIC  PRINCIPLES  OF  AUTOMATIC  TRANSMISSIONS 


u^ECTIVES  * 

Upon  completion  of  thie  workbook,  you  will  ba  able  Co  explain 
planetary  gear  operation* and  the  application  of  hydraulic  principles 
to  a  simple  two-speed  automatic  transmission. 

PROCEDURE 

"  1 

v'  1 

Complete  the  following  exercises  by  following  the  instructions 
given  for  each  -exercise  and  as  directed  by  your  Instructor. 


1 


Exercise  1 . 


Utiaf  iltav*  24,  identify  and  list  in  th«  op«eoo 
component!  of  a  planetary  $ear  Unit. 


provided,  the 


Figure  24.    Planetary  Gear  Terminology. 

NOTES 
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Exercise  2 

U»in$  Mguree  25,  26,  and  27,  lobel  planetary  component©  ec  to 
which tocher  U  held,  which  1*  driving,  and  which  la  driven  oWinf 

^r*-.r.vn  reduction,  minimum  reduction,  end  revert*  reduction'. 


hih  out. 


SUN  CtAC. 


— 


filff 


tING  Oi At. 


PLANCT  CAMM*, 


Figure  25,   Maximum  Reduction. 


Figure  26*    Minimum  Reduction. 


sun  OCA*. 


WHO  Of  At 


Ficure  27.    Reverse  Reduction. 
NOTES 
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Exercise  3 


Heist 
planetary 


2i,  label  tee  eoeybnente  of  the  staple  tvo-epead 
train  in  tha  apacaa  provided. 


6_-__  >™ 


Figure  28.    Planetary  Gear  Train  of  a 
Two  Speed  Transmission. 

NOTES 
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Exercise  4 

List  tha  purpose*  of  the  following  components  of  a  simple 
tranemMlon  hydraulic  system, 


Oil  pump 


2.    Pressure  regulator  valve 


3.    Manual  valve 


4.    Shifter  valve 


5.    Governor  valve 


6.    Throttle  Valve 
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Exercise  5 

< 

-Using  figurcH  2*)  through  32,  color  code  the  hydraulic  schematic 
drawings  w  directed  by  the  Instructor  and  using  the  following  colors: 

Red  -  main  line  pressure 


Blue  -  governor  pressure 


Figure  29.    Neutral  Engine  Running  Figure  30.    Lou  Gear. 

Band  and  Clubeh  Released. 


Figure  31.    Direct  Drive.  Figure  32.  Throttle 

9  Pressure  to  Delay  Upshift. 

5*8  . 


